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ABSTRACT 
The tremendous importance that agriculture commands in 
Indian economy can be judged from the fact that about 70 per 
cent of the country's population depends on agricultural profession, 
dates back to the time of Indus Valley Civilisation. But the country 
still finds It difficult to supply adequate food to her people and 
provide sufficient raw materials to her agro-based industries. It is 
fact that even after more than fifty eyars of Independence and 
planned development with special emphasis on agricultural 
development, achieving and sustaining self sufficiency in food 
production remains our primary concern. One explanation for our 
impasse is our increasing population. We have already a population 
of one billion by the year 2000. What these facts convey Is that in 
the future we will need to produce more and more from a 
progressively diminishing natural base. 
Increasing the agricultural productivity Is one of the 
foremost task In different regions of India. India's food production 
can be increased only by raising the productivity of land, which 
provides the most ready means of achieving the immediate 
increases yields to keep pace with food demand. The agriculture of 
North Bihar Plain Is entirely of subsistence type, where more than 
75 per cent farmers belong to the marginal category. The present 
work is a study of the regional patterns of agricultural productivity 
and its correlation with the anthropogenic factors, which exmaines 
the regional patterns of agricultural productivity In the area under 
study and analyses their anthropogenic correlates which are likely 
causes of spatial variations in agricultural productivity. 
The concept of productivity is a relative term and can not 
be universally applicable. The measurement of agricultural 
productivity is more complicated than in industry and possess 
many problems of concept, definition and measurement. 
Sometimes it is treated to be synonyms of efficiency as overall 
effectiveness of a productive unit, while in others it a ratio of 
output to resources expended. Some have viewed productivity as 
the overall effectiveness of a productive unit, be it a plant, farm or 
company, while some have confined the use of term productivity 
to devote the ratio of output to the corresponding input of labour. 
But, however, all these apparently conflicting and different 
interpretations have one common characteristics, i.e., someone's 
ability to produce more economically and efficiently. Therefore, 
agricultural productivity as defined is the ratio of output to the input 
in relation to land, labour, capital and overall resources employed in 
agriculture. 
North Bihar Plain lies between 24°20' North and 27°25' 
North latitudes and 83°51' East and 88°15' East longitudes and 
extends over 64,939 square kilometres, comprising of 17 districts 
in 1981 and 20 districts in 1991. North Bihar Plain is made up of 
fertile alluvium which is remarkable for its uniformity and a level 
surface. It enjoys a tropical monsoon climate characterised by a 
rhythm of seasons owing to reversal of winds during the southwest 
and northeast monsoons. There are three main agricultural 
seasons in North Bihar Plain. The season of general rains 
corresponds with the season of kharif crops; the cold weather 
season corresponds with the season of rabi crops and the hot 
weather season corresponds with the season of garma crops. 
The present study is based on the secondary sources of 
data collected from Annual Season and Crop Reports, Bihar 
Through Figures and Official Records of the Directorate of Statistics 
and Evaluation, Government of Bihar, Patna. The agricultural 
productivity indices have been calculated for a time span of 20 
years from 1979-80 to 1999-2000. The moving average method 
taken for three successive years at different point intervals has 
been worked out. Sixteen major crops have been considered for 
calculating agricultural productivity. The productivity indices have 
been calculated by the technique formulated by W.Y. Yang (1965). 
For analysing the anthropogenic factors — ten variables have been 
selected using the Census data for the years 1981 and 1991, taken 
from the Census of India (Bihar Series). The computation for these 
analysis was carried on in Aligarh Muslim University's Computer 
Centre through SPSS Programme on Alpha system. This has been 
assessed by the following ways -
i) by taking correlation coefficient matrix measuring the 
relationship between a set of individuals; 
ii) an attempt has been made to determine the precise impact of 
the determinants of agricultural productivity through Factor 
Analysis and thereby indicating the actual level of correlation 
of the variables during 1981 and 1991; 
iii) the level of correlation has been highlighted through the 
application of Composite Index; and 
iv) the relationship between anthropogenic factors and agricultural 
productivity has been analysed through Scatter diagram and 
by using coefficient of product moment correlation ( r ) . 
The overall analysis of agricultural productivity indices 
reveals that the central and western parts of the study area have 
high agricultural productivity throughout the study period. However, 
these areas of high productivity are not associated with high level 
of anthropogenic factors. 
A cardinal feature of the study area's cropping pattern is 
the impressive performance of wheat and rice. Both area expansion 
and increase in productivity have contributed to the high growth 
rates of wheat and rice production. After rice and wheat, the next 
important crop is maize. There has not been any significant 
improvement in maize output. The area devoted to other minor 
cereals have remained negligible. The pulses have demonstrated 
some improvement. But for this, the fall in pulses outturn would 
have been larger. The area under oilseeds have remained more or 
less steady. The situation is no better in respect of the cash crops. 
The productivity of sugarcane has been lower when compared with 
those in other sugarcane - producing states. There has been 
observed a steady improvement in the production of potatoes and 
jute. 
The intensive subsistence type of agriculture is being 
practiced in North Bihar Plain. The level of agricultural productivity 
has been worked out by measuring the productivity indices during 
1979-80 and 1999-2000. The study reveals that in the year 1979-
82, the high productivity area is observed mainly in western part, 
while the medium areas are scattered in western and south-
eastern fringe, however the remaining districts have low 
productivity region. In the year 1984-87, the high productivity 
areas are concentrated in western and central part. The high 
productivity areas are again concentrated in the western part of 
North Bihar Plain for the year 1989-92. In the year 1994-97, nine 
districts make the high productivity areas, mainly concentrated in 
western and central part of the study area, while remaining districts 
come in the category of medium and low productivity region. In 
the year 1999-2000, an extensive area is covered under high 
productivity region having almost half of the districts of the study 
area, is found mainly in central and north-western corner. 
The present study reveals that agricultural productivity is 
not only the function of physical determinants but at the same time 
the significance of social factors can not be over-ruled, which 
influence the agricultural productivity of a region. The level of 
education plays a vital role in the adoption of agricultural 
innovations which in turn increases the agricultural productivity as 
well as economic prosperity in the region. After passing more than 
five decades of our Independence, North Bihar Plain still lags behind 
the other areas of the country in the level of education. The region 
has a meagre share of literate persons of 26.30 per cent to the 
total population in 1991. The inter-caste differential hold 
agricultural work in great esteem. The major portion of agricultural 
land is still owned by privileged castes/classes of society who are 
not only inexperienced cultivator but very often act as petty neo-
zamindars employing landless labourers for paltry wages and 
pocket the major share of produce. The cultivators who are a class 
of owners of their own plots, include the family labour, to the 
maximum extent, enlisting outside help during the peak season. 
The cultivators and agricultural labourers have significant correlation 
as it contribute more than three-fourth of the population to the 
total main workers. It-is observed that the marginal workers have 
less significant correlation with agricultural productivity as thay are 
not employed in esteem of agricultural practices throughout the 
year. The size of family is related with the spread of education to 
some extent. 
The overall analysis of the study reveals the fact that there 
is weak positive relationship between anthropogenic factors and 
agricultural productivity. The higher levels of anthropogenic factors 
are not associated with the higher levels of agricultural productivity 
and vice-versa. Therefore, the study of agricultural productivity can 
not be overemphasized with the impact of anthropogenic factors 
because it appears to be less significant with agricultural 
productivity. 
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The tremendous importance that agriculture commands in 
Indian economy can be judged from the fact that about 70 per 
cent of the country's population depends on agricultural profession, 
dates back to the time of Indus Valley Civilisation. But the country 
still finds it difficult to supply adequate food to her people and 
provide sufficient raw materials to her agro-based industries. 
Importance of the Study 
It is fact that even after more than fifty years of 
Independence and planned development with special emphasis on 
agricultural development, achieving and sustaining self sufficiency in 
food production remains our primary concern. One explanation for 
our impasse is our increasing populaton, we are adding each year, 
something like the population of Australia to our numbers. We have 
already a populaton of one billion by the year 2000. What these 
facts convey is that in the future we will need to produce more and 
more from a progressively diminishing natural base. The cultivated 
area of the country remained nearly constant at 140 million 
hectares over the past two decades. The net per capita availability 
of cultivated land which was more than 0.30 hectares in the 
1950's, now stand reduced to less than 0.14 hectares by the turn 
of the century. 
In the fifties and sixties, extension in the cultivated area 
contributed substantially to increase in foodgrain production. But in 
the future, there appears no scope, whatsoever, to expand the 
area under cultivation. Keeping this fact in mind the government 
introduced high yielding varieties of seeds in relatively well endowed 
areas which brought green revolution in the country. I t was during 
this period that a large number of state agricultural universities 
were established which provided a strong research base for 
generating and spreading technologies. 
Increasing the agricultural productivity is one of the 
foremost task in different regions of India. India's food production 
can be increased only by raising the productivity of land, which 
provides the most ready means of achieving the immediate 
increases yields to keep pace with food demand. The regions 
having the medium and low level of productivity pose the biggest 
challange for the balanced agricultural growth. 
Agriculture occupies an important place in the state of 
Bihar, where it contributes about 45 per cent to the state's income 
and engages directly or indirectly about 80 per cent of her 
population. The agriculture of North Bihar Plain is entirely of 
subsistence type, where more than 75 per cent farmers of the 
region belong to the marginal category. 
The present work is a study of the regional patterns of 
agricultural productivity and its correlation with the anthropogenic 
factors. The study examines the regional patterns of agricultural 
productivity in the area under study and analyses their 
anthropogenic correlates which are likely causes of spatial 
variations in agricultural productivity. 
General Concept of the Study 
The concept of productivity is a relative term and cannot 
be universally applicable. The measurement of agricultural 
productivity is more complicated than in industry and posses many 
problems of concept, definition and measurement. Sometimes it is 
treated to be synonyms of efficiency as overall effectiveness of a 
productive unit, while in others it a ratio of output to resources 
expanded. Some have viewed productivity as the overall 
effectiveness of a productive unit, be it a plant, farm or company, 
while some have confined the use of term productivity to devote 
the ratio of output to the corresponding input of labour. But, 
however, all these apparantly conflicting and different 
interpretations have one common characteristics, i.e., someone's 
ability to produce more economically and efficiently. Therefore, 
agricultural productivity as defined is the ratio of output to the input 
in relation to land, labour, capital and overall resources employed in 
agriculture. 
However, whatever unit and component is taken for the 
measurement of agricultural productivity, the common conclusion 
is that there is a considerable spatio-temporal variation in it 
because crop productivity is the function of various factors including 
the physical (relief, climate and soil fertil ity, and certain others), 
socio-economic (size of operational holdings, tenancy system, 
occupational structures of the population, type of farming), and 
management and available technology (crop rotation, irrigation, use 
of manures and fertilizers and mechanl-zation). All these factors 
vary and are highly dynamic in nature. The physical factors are 
comparatively static in nature and play very important role. It is 
more so, that in many areas of developing countries mechanization 
of agriculture has not been on a measurable extent. 
Aim and Objectives 
The main objectives of the present study are : 
i) to take into account the physical base of the region which 
provides basic framework for the practice of agriculture; 
ii) to examine the spatio-temporal variation of agricultural 
productivity and to delineate the areas of high, medium and 
low agricultural productivity region; 
iii) to analyse the pattern of areal change of agricultural 
productivity between 1979-80 and 1999-2000; 
iv) to study the levels of anthropogenic factors and to find out 
the relationship between anthropogenic factors and agricultural 
productivity at different points of t ime; and 
v) to suggest suitable guidelines for increasing agricultural 
productivity as well as reducing regional imbalances in the area 
under study. 
Hypothesis 
The impact of various anthropogenic factors on the existing 
agricultural productivity region may thus be hypothesized to 
interrelated. Testing of this hypothesis in the area under study is 
the crux of the research problenn. Findings of this research may 
help to agricultural planners to embark on a micro level survey in 
respect of the causes which have led to the present level of low 
productivity over large parts of the region. 
The Study Area 
North Bihar Plain lies between 24°20' North and 27°25* 
North latitudes and 83°51' East and 88°15* East longitude and 
extends over 64,939 square kilometres (Figure 2.2), I t is bordered 
on the north by Nepal, on the east by Darjeeling district of West 
Bengal, on the west by the districts of Deoria and Ballia of Uttar 
Pradesh, and on the south by the River Ganga except the two 
districts of Hunger and Bhagalpur which lie in the south of the River 
Ganga. Moreover, Khagaria sub-division of Hunger and Naugachia 
sub-division of Bhagalpur lie to the north of the River Ganga. The 
state in 1981 comprised of 31 districts, of which North Bihar Plain 
includes seventeen. However in 1991 after the creation of Khagaria 
district, the district of Hunger has not been included in the study 
area as it lies south to River Ganga. The number of districts rose to 
twenty in 1991 with the new districts of Madhepura, Khagaria, 
Araria and Kishanganj, having an area of 58,517 square kilometres 
(Figure 2.1). 
The total population of the region was 37.398 million 
persons (Census of India, 1981), whereas, in 1991 it is recorded a 
population of 43.334 million persons. The density of population in 
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the region was 576 persons per square kilometre in 1981, whereas, 
a density of 741 persons per square kilometre is recorded in 1991 
(Appendix-A). The current census of 2001 is not available in detail 
during the compilation of present work, so the study is limited to 
1981 census and 1991 census. 
North Bihar Plain is made up of fertile alluvium which is 
remarkable for its uniformity and a level surface. The slope of the 
deposits is from north to south but it is almost imperceptible. I t is 
gentlier in the west than in the east. Geologically these deposits 
are either old alluvium known as bhangar or recent alluvium known 
as khadar. Bhangar or older alluvium lies in the upland far away 
from the bank of the rivers. The khadar or the newer alluvium is 
brought by the flood waters and deposited near the river bank. As 
an exception to these two, a big patch of calcareous soil has 
developed in the western part and red yellow light soil is found in 
the southern margin of the region. The area is traversed by a series 
of southward flowing rivers like Ghaghara, Gandak, Burhi Gandak, 
Bagmati, Kamla and Kosi, all draining into the River Ganga. All these 
rivers rising in the Himalaya follow this general direction and flow 
from north to south and ultimately join the River Ganga. Flooding 
is a characteristic feature of the region. River Kosi is notorious for 
its annual floods and for its sudden change of course. 
North Bihar Plain enjoys a tropical monsoon climate 
characterised by a rhythm of seasons owing to reversal of winds 
during the southwest and northeast monsoons. There are three 
main agricultural seasons: (i) The hot weather season, (il) The 
season of rains, and (iii) The cold weather season. The season of 
general rains corresponds with the season of kharif crops (mid June 
to October), while the cold weather season corresponds with the 
season of rabi crops (November to mid March) and the hot 
weather season corresponds with the season of garma crops (mid 
March to mid June). The hot weather season is generally dry and 
does not permit cultivation until the onset of the southwest 
monsoon. The monsoon result in heavy rainfall in the sub-montane 
region along the northern boundary of North Bihar Plain which 
receives 210 centimetre of rain, while in other parts, the rainfall 
ranges between 150 and 200 centimetre. The mean maximum 
temperature ranges between 32.3°C and 33.6°C, while the mean 
minimum temperature ranges between 24.3°C and 24.5°C. May is 
the hottest month and January is the coldest month of the year. 
Data Base 
The present study is based on the secondary sources of 
data collected from Annual Season and Crop Reports, Bihar 
Through Figures and Official Records of the Directorate of Statistics 
and Evaluation, Government of Bihar, Patna. The agricultural 
productivity indices have been calculated for a time span of 20 
years from 1979-80 to 1999-2000. The time interval is 
quinquennial (5 years), viz., 1980-81, 1985-86, 1990-91, 1995-
96 and 1999-2000. The moving average method taken for three 
successive years at different point intervals has been worked out; 
as for the year 1980-81, three year's data (1979-80, 1980-81 
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and 1981-82) have been averaged. For calculating agricultural 
productivity, sixteen major crops have been considered and they 
have been grouped into four categories, viz., Cereals, Pulses, Cash 
crops and Oilseeds. For analysing the anthropogenic factors - ten 
variables have been selected using the Census data for the years 
1981 and 1991, taken from the Census of India (Bihar Series). 
Methodology 
In the present study two analytical concepts of agricultural 
productivity and the correlation of anthropogenic factors with 
agricultural productivity have been worked out. The measurement 
of agricultural productivity in general, has been done in terms of 
labour and capital but in India it has particularly been studied in 
terms of per unit of land because relevant data regarding labour 
and capital are not available. Different scholars have used different 
numerical methods to measure the levels of agricultural 
productivity, at small area! units. In this study the productivity 
indices have been calculated as the statistical technique formulated 
by Yang (1965). The anthropogenic factors as the correlates of 
agricultural productivity have been worked out and is measured on 
the basis of ten selected variables. The computation for these 
analysis was carried on in Aligarh Muslim University's Computer 
Centre through SPSS Programme on Alpha system. This has been 
assessed by following ways -
1. Computation started with the transformation of original data 
matrix D for n observations on m variables into a standard 
score matrix Z of n x m order. 
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2. From Z matrix n x m order correlation matrix R was calculated 
which contained product moment correlation co-efficients. 
3. The correlation matrix was resolved into a factor matrix A of 
m X r where r was number of fact extracted. The programme 
employed can extract as many factors as the number of 
variables. Therefore, in the first instance all the factors were 
extracted. Histogram of the cumulative percentages of the 
variance explained by the successive factors and cumulative 
number of factors was constructed. By inspecting rate of 
change in the explanation of variation by factors. Number of 
factors to be retained was determined. 
4. Since original variables retained were not readily interpretable, 
the factor loading matrix A was rotated according to normal 
varimax criterion to reproduce a new factor loading matrix. 
The criterion employed rotated the factor matrix to such a 
position where a minimum possible number of variables loaded 
high on each factor. The factor structure, thus, became simpler 
and eaisly interpretable. 
5. From the matrix multiplication standardized score matrix of n 
X m order and rotated factor matrix A of m x r order, a factor 
score matrix A of m x r order was obtained. Factor scores 
were then standardized to zero mean and unit variance. These 
factors scores provided a measure of position of each district 
on the new factors. 
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6, The relationship between anthropogenic factors and 
agricultural productivity have been analysed through scatter 
diagram and by using coefficient of product moment 
correlation(r). 
Organisation of tlie Study 
While writing the present work, the researcher has 
consulted all the relevant literatures and followed then their 
techniques in the present work. The entire work, besides 
introduction and conclusion, has been grouped into five chapters. 
The first chapter deals with a detailed review of the work done so 
far by various authors on the concept and measurement of 
agricultural productivity. It covers a brief review of literature on the 
techniques and methodology used for measuring agricultural 
productivity during the last 75 years. In second chapter, an attempt 
has been made to account the physical base, i.e., geographical 
profile of North Bihar Plain with reference to structure and relief, 
drainage, climate, soil and landuse pattern - which provides the 
basic framework for the practice of agriculture. The chapter third 
deals with the anthropogenic factors and its determinants of 
agricultural productivity in North Bihar Plain. The chapter four 
focuses the spatio-temporal variation of agricultural productivity 
during 1979-80 to 1999-2000. The fifth chapter is devoted to the 
analysis of the relationship between anthropogenic factors and 
agricultural productivity. An attempt has been made to correlate 
the anthropogenic factors with the agricultural productivity in the 
area under study. In the conclusion, suggestions have been worked 
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out to minimize the spatial variation of agricultural productivity In 
the light of anthropogenic factors. It is hoped that the present 
work will surely go a long way in solving some of the problems 
relating to the spatio-temporal variation in agricultural productivity. 
In the end, a selected bibliography has been given. The 
bibliography has been divided into two parts: the part 'A' is related 
with the books, whereas, the part 'B' is concerned with the journals 
and periodicals consulted during the compilation of this work. Both 
the parts have been arranged alphabetically. 
Chapter-I 
KeA/CeM) of Lvte/ratiM^e/ 
CONCEPT OF AGRICULTURAL PRODUCTIVITY 
Productivity is a measurement of production, or output in terms 
of the inputs required to operate the productive process (Johnston, 1981). 
Productivity is not a synonym of fertility. It is generally used to express 
the power of agriculture in a particular region to produce crops without 
regard to whether that power is due to the bounty of nature or to the 
efforts of man. 
Productivity like disparity is a relative concept. The term 
productivity has been used in different meanings and has aroused many 
conflicting interpretations. Sometimes it is considered as the overall 
efficiency with which a production system works, while others it is 
defined as a ratio of output to input in relation to land, labour, capital and 
overall resources employed in agriculture. In reality, production refers to 
the volume of output while productivity signifies the output in relation to 
resources expanded. Production can be increased by employing more 
resources without increasing productivity. On the other hand, productivity 
can be increased without increasing production by employing less inputs 
for the same production level. But it is commonly agreed that productivity 
is the ability of a production system to produce more economically and 
efficiently. Therefore agricultural productivity can be defined as a measure 
of efficiency with which an agricultural pioduction system employs land, 
labour, capital and other resources. 
In recent years many attempts have been made to define the 
connotation of agricultural productivity. Dewett (1966) explains it as. 
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"productivity expresses the varying relationship between agricultural 
output and one of major inputs, like land or labour or capital, other 
complementary factors remaining the same ". It may be borne in mind, 
that productivity is physical rather than a value concept. The connotation 
of agricultural productivity engaged the attention of many an economist at 
the 23rd Annual Conference of the Indian Society of Agricultural 
Economics.' Some economists suggested that the yield per acre should be 
considered to indicate agricultural productivity. A number of objections 
were raised against this view because it considered only land which is just 
one factor of production while other factors are also responsible, and 
therefore, it was arbitrary to attribute productivity entirely to land and 
express it per acre of land. It was suggested, for instance, that productivity 
could also be measured in terms of per unit of labour and different regions 
compared on that basis. After a thorough discussion, it was generally 
agreed that the yield per acre may be considered to represent the 
agricultural productivity in a particular region, and that other factors of 
production be considered as the possible cause for the variation while 
comparing it with the other regions.^ Pandit (1965) has expressed the 
connotation of productivity in these words : "Productivity is defined in 
economics as the output per unit of input.... the art of securing an increase 
in output from the same input or of getting the same output from a smaller 
input". He further suggests that increases in productivity, whether in 
1. Regional Variations in Agricultural Development and Productivity, Indian 
Journal of Agricultural Economics, vol. 19, No. 1, 1964, pp. 168-266. 
2. Summary of group discussions. Regional Variations in Agricultural 
Development and Productivity, Indian Journal of Agricultural Economics, 
vol. 19, No. 1, 1964, pp. 263-66. 
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industry or agriculture, is generally the result of a more efficient use of 
some or all the factors of production, viz., land, labour and capital. Saxon 
incorporatres the productivity as a physical relationship between putput 
and the input which gives rise to that output (Saxon). Horring (1964) 
considers productivity in broad terms, to denote the ratio of output to any 
or all associated inputs, in real term. 
There are many different concepts of productivity, and still 
diverse ways for computing it. The chairman of the international 
commission on Agricultural Typology, Kostrowicki, invited different views 
on this problem by sending a questionnaire to over 100 scholars 
throughout the world, which embodied the following two questions : 
1. What methods of measuring intensity of agriculture should be 
applied in typological studies of various orders? 
2. What methods, measures and indices should be used to define land, 
labour and capital productivity of agriculture in typological studies 
of various orders? 
About fifty geographers from all over the world responded and 
suggested various approaches to the measurement of agricultural intensity 
and productivity. The chairman of commission while evaluating the 
different views pointed out, that a special study for testing various 
methods and techniques to be used in the studies of various scales were 
needed.-^  
3. Proceedings of the International Commission on Agricultural Typology 
(unpublished), Warsaw, 1966. 
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Land, labour and capital are various aspects of agricultural 
productivity. These are the best known partial productivity measures. 
"Land" is viewed as area with different natural attributes. It realizes 
different rents and varries in purchase price. "Labour" represents all human 
services other than decision making and "capital", the non-labour resources 
employed by a farmer. 
It is due to the pressure of population that special attention is 
given to land productivity. It is the simplest but in some respects the most 
useful aspect of agricultural productivity. Maximum production from land 
can be achieved with available inputs of land measures that can fulfil the 
pressing demand of the day. Inevitably the inherent chemical and physical 
properties of the land vaiy spatially and impose varying limits on the 
agricultural use of the land, although actual use will be dependent upon 
technology, profit and cultural constrains (Morgan, 1971). 
Land productivity is obviously of primary importance in countries 
with a high density of population. When land resources are limited the 
principal means of raising production to keep pace with the growth of 
population is by raising yields per hectare. However, raising the 
productivity of land does not mean only raising the yields of individual 
crops. It encompasses the whole output of a farm or country in relation to 
the total area of farm land, and may be raised also by changing the pattern 
of production toward more intensive systems of cultivation toward higher 
value crops. 
A distinction must be made between the measurement of 
agricultural output in terms of calories (or some other measurement of 
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food values), and in terms of money values. For example, if in temperate 
countries land is shifted from cereals to potatoes the output per hectare in 
terms of calories of human food is likely to be increased. But its 
productivity in terms of money values may be changed up or down 
according to relative prices of cereals and potatoes. Again, shifting land 
from the main crop potatoes to the early season potatoes or to the luxury 
vegetables may well increase its productivity in money terms, but will 
almost certainly reduce it in terms of calories. Good pasture land used for 
grazing will usually produce less in calories for human food than if 
cropped with cereals for direct consumption, but may well show higher 
productivity in money values. 
The productivity of labour is a somewhat more complex aspect 
than land productivity. Labour productivity means the income of the 
population engaged in agriculture and can be measured in terms of output 
per worker. It takes into account all the labour which contribute to 
agricultural production, the labour that is used directly on the farm as well 
as that used indirectly off the farm in producing the materials and services 
used on agricultural production (Folk, 1967). The labour input may be 
expressed as the total number in the labour force or, in order to take into 
account the intensity of labour, as the number of man-hours worked in 
agriculture. Similarly the total agricultural output may be taken as the 
gross farm output or it may be taken as the value added by labour and other 
factors in the agricultural sector, i.e., the value of fertilizers, pesticides, 
fuels and other inputs from outside the agricultural sector, is substracted 
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from the value of the output in order to determine the net contribution of 
the agricultural sector.'' 
Labour productivity is in fact the most common form of 
measurement and is usually implied in economic discussions when no 
specific definition is given. In so far as the output per man is one of the 
major determinants of the general level of economic welfare, labour 
productivity is a significant yardstick of economic progress. Various 
measurements of labour productivity may have specific uses in policy 
formation, e.g., with regard to income distribution, occupational 
distribution of labour-force etc." 
Increase in productivity of land and of labour often go hand in 
hand. When crop yields are increased or the pattern intensified there is 
usually, although not always, an increase in output per man. Similarly when 
improved methods are adopted to increase efficiency and raise labour 
productivity and farm incomes, there is often, as a secondary result, an 
increase in land productivity and total output. In countries with agricultural 
surplus this problem may be embrassing, an increased labour productivity 
may then have to go hand in hand with measures to limit the area under 
cultivation. 
Capital productivity of agriculture is particularly complicated to 
compute and difficult to interpret. This is largely output and productivity. 
This does not mean, of course, that capital is not of vital importance to 
agriculture. The requirements of fixed capital stock in agriculture even 
4. FAO, The State of Food and Agriculture, Rome, 1963, p. 98. 
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excluding land often appear to be greater in relation to the output than 
those of manufacturing industries and mining, though there are 
considerable differences between countries in methods of estimation. 
The producitivity of livestock is again more difficult to measure 
than the productivity of land. The difficulty arises both in the measurement 
of the input and the output. Much of the livestock production results in 
more than one end product: cattle may produce milk, beef and hides, sheep 
may produce wool and meet etc. A comparision of, say, the milk output of 
specialized dairy cows with that of dual purpose animals kept for both milk 
and beef may be misleading. To aggregate the output of all livestock 
products, with suitable price weights, solves part of the problem but not 
all of it, because of the widespread use of livestock, particularly in the 
less developed regions, for draft power. A complete accounbting of the 
output would, therefore, also require the inclusion of the draft power 
produced by livestock. The principal input is the capital represented by the 
livestock itself Other inputs include the feeding stuffs which because of 
diversity of capital being utilized in agricultural production : for land 
purchased for improvement, reclamation, drainage, irrigation, farm 
buildings, mechanical power, machinery and implements, livestock, seeds, 
fertilizers, crop protection chemicals etc. The presence or absence, 
amount, quality and price of each factor of production varies spatially, 
affecting the relationship between them and their deployment on individual 
farms. These spatial patterns are not static, labour and capital being 
geographically mobile. The use of each production factor will not depend 
solely upon its availability. It will be influenced by technological. 
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economic and social circumstances which permit the substitution of one 
for another and in turn will be affected by their degree of visibility. 
Estimates of capital productivity give relatively little guidance in 
ensuring the most efficient use of the limited capital resources. In part 
this is because the statistics on capital in agriculture are less informative 
than those on land and labour, not because much of this investment 
stemming from the unpaid labour of the farmers themselves. The teiTacing 
of slopes, the bunding of paddy fields, the construction of irrigation 
ditches are examples of this type of non monetized investment which is of 
crucial importance for raising both. They consume, whether from graizing 
or in the form of preserved or concentrated feeds, and the land which is 
pasture or crop land is devoted to livestock production (Munir, 1992). 
The above measurement when combined shall not give a very 
satisfactory indication of productivity. The simplest and most frequently 
used comparison is the output of milk or meat per animal, which would be 
significant when cattle are of about the same size or weight. But if in one 
country the common breeds of livestock are large and in another small, 
differences between the average output per animal in the two countries 
will in part reflect these differences in size rather than their relative 
efficiency. And since small cattle eat less and since more small cattle can 
be kept on a given area, the total output of meat or milk per unit of feed or 
per hectare of land may be as high in one country as in the other. It could 
not then be said that the average productivity of the larger breeds was 
greater than that of smaller breeds (Munir, 1992). 
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The whole output from each hectare of land used for agriculture 
is known as the overall productivity of land. It is more significant than 
crop yields per hectare or livestock yields. The individual yields reflect 
only the efficiency of crop husbandary or livestock husbandary, the overall 
productivity also take into account the managerial skill with which the 
various farm enterprises are integrated to increase the total farm output. 
The overall productivity reflects also the opportunities to produce high 
value crops, i.e., tobacco, or in suitable climates or under irrigation to 
raise more than one crop per year from the same land. Thus, the countries 
with the highest total output per hectare appear to have an overall 
productivity some 40 times greater than those with the least intensive 
agriculture (Munir, 1992). 
THE MEASUREMENT OF AGRICULTURAL PRODUCTIVITY 
The assessment of agricultural productivity has engaged the 
attention of scholars working in different disciplines like geography, 
economics and agricultural sciences for a long time. Many attempts have 
been made to measure and quantify agricultural productivity in India as 
well as in other countries of the world (Munir, 1992). 
Thompson (1926), while measuring the relative productivity of 
British and Danish farming, emphasized and expressed it in terms of gross 
output of crops and livestock. He considered seven parameters. They are: 
(i) the yield per acre of crops, (ii) the livestock per 100 acres, (iii) the 
gross production or output per 100 acres, (iv) the proportion of arable 
land, (v) the number of persons employed, (vi) the cost of production 
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expressed in terms of wages and labour costs, rent or interest, and (vii) 
prices relative profitability and general economic conditions. 
Buck (1937) assessed the agricultural progress in China by 
adopting the approach of 'Grain Equivalent'. For this puipose, he converted 
all the agricultural products into Kilograms of grain equivalent in order to 
select as a unit of measure a kilogram, with whatever kind of grain was 
predominant in the region. 
Ganguly (1938) in his studies of Ganges valley presented a 
theoretical discussion for computing productivity in agriculture. Firstly, 
he took into account the area under any crop 'A' in a particular unit area 
belonging to a certain region. This area is expressed as a proportion of the 
total cropped area under all the selected crops. Secndly, Ganguly tried to 
obtain the index number of yield. This is found by dividing the yield per 
hectare for the entire region as the standard. This yield may be expressed 
as a percentage and the percentage may be regarded as the index number of 
yield. Thirdly, the proportion of area under 'A' and the corresponding index 
number of yield were multiplied. There are two advantages which are 
apparent by using this method, i.e. (a) the relative importance of crop 'A' 
in that unit of study is assessed as indicated by the proportion of the 
cropped area which is under'A' and (b) the yield of crop 'A' in comparision 
to the regional standard. The product thus obtained indicates actually an 
index of the contribution of crop 'A' to the productivity of the unit 
considered. 
Kendall (1939), taking the acre yield often leading crops in each 
of the forty eight administrative counties in England for four selected 
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years, tried on four coefficients: Productivity, ranking, money value and 
starch equivalent or energy. Of the four coefficients, the ranking 
coefficient is probably the easiest to calculate and gives a reasonable 
ranking of counties in order of productivity. To obtain the ranking 
coeffcient, Kendall ranked each of the ten crops in the forty eight counties 
in order of their yield, then the sum of the ranks occupied by the unit was 
divided by the number of the crops considered to obtain the average rank 
of the unit. Kendall's money value coefficient was based on the value of 
crop production of each county (which was obtained by multiplying the 
volume of production of a particular crop by price ) and the results often 
crops for each county were added togather and the total was divided by the 
total acreage in the county under the crops. Kendall's energy coefficient is 
based on the total energy value of various arable crops expressed as starch 
after the proportions assignable to by-products and the eneregy index was 
constructed by ascertaining the production of energy per acre under crops 
on the basis of a prepared table showing the energy value of various crops. 
Kendall's money value coefficient poses one major difficulty, 
that data for certain crops are not available, for example, there are many 
vegetables and beans which are grown mostly for the consumption on the 
fanns and their price data are not recorded in contrast to cereal crops 
whose data are adequate. While determing the money value coefficient, 
another difficulty arises with regard to the prices, for example, the prices 
prevailing in the region or in the country as a whole, in addition to the 
local variations in prices which depend on circumstances like proximity to 
the market or the relative nutritive character of the product. Significant 
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differences in prices per tonne between the crops affect the final result 
heavily in favour of the higher priced commodity. In this method, the crop 
production of each unit area is valued by multiplying the volume of 
production of a particular crop by the price, and then add the results for 
selected number of crops togather. The total is divided by the total acreage 
in the unit area under the total selected crops. The result gives for each 
unit area as a figure of money value per acre/hectare under the crops 
considered. So far as energy coefficient is concerned, an index based on 
nutritional factor ignores local variations because of the absence of data. 
Kendall, therefore suggests starch equivalent as the most suitable unit, 
while calculating a coefficient based on starch equivalent it should be 
decided : (a) whether a gross or net digestible energy figure is to be taken, 
(b) whether any allowance is to be made for by-products, such as, wheat 
and barley straws or green stalks of maize, jowar and bajra, and (c) whether 
any account should be taken of the fact that the energy in certain foods 
have first to be fed to livestock and then wheat and milk is used for human 
consumption. The basic question that arises in this technique is whether 
the gross starch equivalent of the various crops should be considered or 
the net equivalent. Net energy refers to the amount of energy for work and 
body building whereas, a gross figure includes the energy employed in the 
digestive process of consuming animal and similar non realisable forms. 
Kendall suggested that production of energy be preferred as the gross 
figures. 
Hirsch (1943) has suggested 'Crop Yield Index' as the basis of 
productivity measurement. It expresses the average of the yields of vairous 
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crops on a farm or in a locality relative to the yields of the same crops on 
another farm in a second locality. 
Zobel (1950) has attempted to determine the labour productivity. 
He considered the productivity of labour as the ratio of total output to the 
total man hours consumed in the production of that output resulting in 
output per man hour. This has been expressed by the following equation : 
7r = f(P, L) 
where n = Productivity of Labour 
P = Productivity, and 
L = Labour utilized 
Huntington and Valkenburg (1952) considered land productivity 
on the basis of acre yields of eight crops raised very widely in Europe. For 
each crop, the average yield per acre for Europe as a whole was taken as an 
index of 100, and the specific yield in each country was calculated 
accordingly. 
Stamp (1952) adopted Kendall's ranking coefficient by selecting 
twenty countries and nine crops. The countries were placed in order of 
output per acre for each crop. The places occupied by each country in 
respect to the selected crops were then averaged, and from these averages, 
the ranking coefficient of agricultural efficiency of each country was 
obtained. If a country was on top of every list, it would have a ranking 
coefficient equal to the total number of countries concerned. 
Another approach to measure productivity is to convert the total 
food production into calories. Quantitative food requirements are usually 
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estimated in terms of heat units — calories. A physiological calorie (also 
called kilocalorie and abbreviated Kcal) is the amount of heat necessary 
to raise the temperature of one kilogram of water by one degree 
centigrade. The calorie intake is a measure of the general health of a 
person because it determines the amount of heat and energy needed by 
human body. 
Stamp (1958) has taken calorific value of farm production in 
measuring the agricultural productivity. He calculated the Standard 
Nutrition Unit (SNU) by converting all the food production per acre in 
calories. The British Medical Association has carried out an exhaustive 
enquiry based on all available sources and published a talbe to show the 
caloric intake among adults from 2,100 a day for a woman in secondary 
occupation to 4,250 for a man engaged in active manual work. For children 
the desirable intake is calculated at 800 a day for infants under one year to 
3,400 for teenage boy. The average of the different categories worked out 
at 2,540 calories a day. Taking into consideration the age structure of the 
population, the range of occupations, the weight and height of the poeple 
living under the climatic conditions of north-western Europe, the average 
is 2,460 calories a day or about 9,00,000 calories per year. Making 
allowance for a loss of 10 per cent in harvesting, cooking and food 
preparation the figure of 10,00,000 calories a year in terms of farm 
production may be accepted. 
The Nutrition Expert Group of Indian council of Medical 
Research has recommended the daily allowance of Nutrients for Indians. 
They published a table to show the caloric intake among adults from 1,900 
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a day for a women in sedentiy work to 3,900 for a man engaged in heavy 
work. For children it was recommended 110 calories per Kg. weight of the 
body per day for infants under one year to 3,000 for teenage boy (Gopalan, 
1980). 
Shafi (1960) has calculated this under Indian conditions in the 
twenty villages of Eastern Uttar Pradesh. The net caloric intake ranges 
from 1,828 a day (6,67,677 a year) to 2,175 a day (7,95,514 a year). 
According to him in no cases it reach the 9,00,000 calories postulated as 
the Standard Nutrition Unit (SNU). He concluded that in the well drained 
and irrigated villages of Eastern Uttar Pradesh the caloric intake per 
person amounts to about 2,000 a day. Where the caloric intake drops below 
2,000 a day, both standard of living and standard of health are perceptibly 
lower. 
The measurement of agricultural productivity is not a simple task 
as it involves a relationship between inputs and outputs in agricultural 
production. Input itself is a complex thing which governs farming 
efficiency. Stamp while attempting to measure crop productivity per unit 
area emphasized that areal differences in crop productivity are the result 
partly of natural advantages of soil and climate and partly of farming 
efficiency (Stamp, 1960). Farming efficiency refers to the properties and 
qualities of various inputs, the manner in which they are combined and 
utilized for production and effective market demands for the output. 
There is a substantial literature relating to methodological 
procedures for measuring productivity in agriculture(FAO, 1968). The 
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measures of agricultural productivity which are most frequently used are 
those of partial productivity and refer to the relation of a single input or a 
group of inputs to the total output or to a part thereof (yield per hectare, 
output per man hour, output per unit of capital). The data required to 
measure the productivity of a single input more likely to be available than 
those required for measures of overall productivity. Besides, the aggregate 
of total inputs may tend to obscure the effect of changes in their 
composition. Owing to the multitudinous utility, experts of agricultural 
geography have developed techniques, suitable for measurement of 
agricultural productivity and efficiency. 
Loomis and Barton (1961) have measured United State 
agricultural input and productivity in aggregate. To them, aggregate 
productivity depends upon conceptually consistent measures of 
agricultural output and input. The measures of inputs include all the 
production factors that depend directly on the decisions of farmer. 
Meiburg and Brandt (1962) have surveyed the earlier indices 
relating to the United States agricultural output, i.e., output estimates of 
total productivity. They consider eight indices of agricultural production 
which cover various phases of the period extending between the year 1866 
and 1960. 
Commen (1962) while working out the trends of productivity in 
agriculture of the state of Kerala (India) has measured the productivity on 
the basis of yield per acre. Mackenzie (1962) has measured the efficiency 
of production in Canadian agriculture by using the coefficient of output 
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relative to input. He mentions that the concept of productivity 
measurement is difficult to define and even more difficult to quantify. 
Chatterji and Maitreya (1964) have determined the levels 
of agricultural development and productivity during 1950-51 to 1957-58 
in the state of West Bengal taking two crops (rice and jute) in 
consideration. They utilized the acre yield for this purpose. 
Dhondyal (1964) has measured variations in agricultural 
development and productivity by selecting three representative districts 
from the three regions of Uttar Pradesh (India), while assessing the role 
of credit, intensive crop enterprises, and the influence of irrigation water 
during 1962-63. 
Enyedi (1964) while describing geographical types of agriculture 
in Hungry, used the following formulae for determining the agricultural 
productivity : 
y/Yn : T/Tn 
where, y = total yield of the respective crop in the unit area, 
Yn = total yield of the crop at the national level, 
T = total cropped area of the unit 
Tn = total cropped area at the national level. 
Garg (1964) worked out the trends in agricultural development 
with respect to total cropped area, gross inigated area and foodgrain 
production in two districts of Uttar Pradesh, viz, Gorakhpur representing 
the Eastern region while Meerut from western region and productivity by 
31 
assessing acreage, production and average yield per acre of three important 
crops, viz., rice, wheat and sugarcane. This study extends from 1951-52 to 
1960-61 covering the period between the first and the second Fiver Year 
Plans. 
Gopal Krishnan and Ramkrishna have taken Andhra Pradesh (i) to 
measure the degree of variations with respect to (a) agricultural output per 
acre(Rs.), (b) output per head of agricultural production (Rs.), and (2) to 
account the causes of variations in each of the twenty districts of the state 
during 1959-60. The variables relating to the level of output per acre are 
selected as follows : (i) normal level of rainfall, (ii) percentage of current 
and old fallows, (iii)percentage of area under irrigation, (IV) percentage 
of literacy, (v) percentage of population in agriculture, (vi) intensity of 
cropping, (vii) percentage of gross value other than foodgrains and fodder, 
(viii) the percentage of area under all crops excluding fodder and 
foodgrains, (ix) density of agricultural population per acre, and (x) 
percentage of total area under commercial crops including rice. 
Horring (1964) has suggested that the concept of productivity is 
based not only on the single relationship, i.e., differences in the same 
agricultural region or subregion as between successive periods (in time), 
and between similar agricultural regions in different countries or regions 
during the same period (in space). It may also be possible to make 
comparisions between the trends of productivity for different products, 
between different regions of national economy or between the agricultural 
regions and the national economy as a whole. 
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Sapre and Deshpande (1964) have modified the Kendall's ranking 
coefficient by giving weightage to the area under different crops. The 
weight for ranks of various crops are proportional to the percentage of 
cropland under each crop. For example, an enumeration unit 'A' has rank 2 
on the basis of wheat acre-yield and occupies 30 per cent of the total 
cropped area, rank 3 on the basis of rice acre-yield and occupies 25 per 
cent of the total cropped area, rank 8 on the basis of gram acre-yield and 
occupies 10 per cent of the total cropped area. Thus the weighted average 
of the ranks would be : (2x30) + (3x25) + (8x10) = 215 divided by the 
sum of the weight as 215/65 = 3.3. According to Kendall's method it 
would have been 2+3+8 = 13 divided by the number of crops as 13/3 = 
4.3. 
Agarwal (1965) has adopted, 'Factorial Approach' while 
measuring the agricultural efficiency in Bastar district of Madhya Pradesh. 
In this approach a number of human controlled factors relating to 
agricultural production as : crop superiority, crop commercialisation, crop 
security, land use intensity and power input have been selected, excluding 
the environmental factors. 
Khusro (1965) has linked assessmet of productivity with the 
output per unit of a single input and output per unit of cost of all inputs in 
the agricultural production. Saran (1965) has applied Cobb-Douglas 
'Production Function' approach for the measurement of productivity. The 
common purpose of this function is to express input output relationship 
between several inputs and one output in the agricultural systems. The 
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function takes the following form : 
b c d e y 
Y =A X 
yCi y v j -A.^ j\.A n 
where X, Xj X3 X^ n denote various inputs,like land, 
labour, capital and other working expenses. The value of b,c,d .... y 
represent elasticities of the respective inputs. 
Shafi (1965) has assessed the productivity on the basis of labour 
population engaged in agriculture. According to him, it can be computed 
by dividing the gross production in an unit area by the number of man-
hours or less precisely by the numbers employed in agriculture. In order 
to assess the productivity on the basis of population engaged in 
agriculture. It can either be obtained by dividing the total production with 
the number of workers, or a reverse index be applied where the total 
number of workers per unit of production is assessed. 
The Indian Society of Agricultural Statistics, organised a 
symposium on the topic, 'Measurement of Agricultural Productivity' at the 
17th Annual Conference of the Society held at Jaipur (India) in 1965. The 
research papers contributed by different scholars appeared in the society's 
journal, viz., Journal of the Indian Society of Agricultural Statistics, in the 
succeeding issue of 1965. Sharma (1965) while defining the concept of 
agricultural productivity has suggested various parameters on which it can 
be measured. According to him, productivity can be considered in relation 
to land, labour and capital. It can also be considered in terms of overall 
resources employed in agriculture. In case of commodities like 
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foodgrains, fmits and vegetables, sugarcane and edible seeds, he suggests 
that the output of these commodities be converted into calories. While 
considering the other non food crops such as cotton and other fibres the 
only common measure being the value which involves the pricing of 
different products. For evaluating value of production, farm harvest or 
wholesale prices have the definite significance. He also emphasized 
agriculture workforce as the basis of productivity measurement e.g., the 
total number of labourers employed (in order to account the intensity of 
labour) or the number of man-hours worked in agriculture per unit of area 
(Sharma, 1965). 
Tambad (1965 and 1970) has adopted 'Crop Yield Indiex' as the 
basis for measuring agricultural productivity. He explains, that the purpose 
of this technique is to express the average yield of various crops on a farm 
or in a region relative to the yield of same crops on another farm or in a 
second region. It can be expressed by the following equ.ition : 
n Yj 
S ~ - A. 
Crop Yield Index = 
n 
I A. 
i=l ^ 
where i = 1,2,3....n are the number of crops considered in an unit 
area or year, 
Yj = is the yield per acre of crop i, in a farm area or year, 
Aj = is the weightage of crop i, denoted by the area under the 
crop as a percentage of total cropped, and 
Y^ = is the average yield per acre of crop i, at the group of 
farms, or entire region or the base year. 
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Yang (1965) calculated the yield of all crops in a farm and 
compared it with the average crop yield of the entire region. Later on a 
value in percentage is obtained by dividing the yield per hectare of a crop 
in the particular farm by the average yield of the crop in the entire region. 
The value obtained and multiplied by 100 gives the index number. By 
considering the area devoted to each crop as a weight and multiplying this 
percentage index, the products are obtained and by adding the products and 
dividing the sum of the products by the total cropped area in the farm the 
average index obtained is the desired crop index for the particular farm, 
using crop area as weight. 
Bhatia (1967) while assessing the changes and trends in 
agricultural efficiency in Uttar Pradesh during 1953-1963 adopted 
Ganguli's method of productivity measurement and has devised an equation 
which would be read thus : 
(i) I^ ,^  = 3 - 100 
r 
where, I^ .., = is the yield index of crop 'a', 
Y^ . = is the average acre yield of crop 'a' in the component 
unit, and 
Y|. = is the average acre yield of crop'a'in the entire region. 
(11) E , = • 
Ca + C,+ ....C„ 
where, Ei = is the agricultural efficiency index, 
lya, lyb etc. = are the idices of various crops, and 
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Ca, Cb, etc. = represent the proportion of cropland devoted to 
different crops. 
Clark and Haswell (1967) have attempted to modify Buck's 
approach of 'Grain Equivalent' by expressing the output in terms of 
kilograms of 'wheat equivalent' per head of population. Dovering (1967) 
has measured the productivity of labour in the United States agriculture in 
aggregate since 1919 to 1954 as a whole, as well as community wise. 
Noort (1967) considered 'net total productivity' (being the 
relationship between the net product and factor input) as the method for 
tlie measurement of field productivity and also to assess comparisons 'in 
time' or 'in space'. The purpose of this measure is to account changes in 
labour and capital inputs in agriculture. Shafi (1967 and 1969) applied 
Stamp's 'Standard Nutrition Unit' technique for measuring the efficiency 
of agriculture in India. He has considered the district as the areal unit, and 
has selected all the food crops grown in India. 
Sinha (1968) has adopted a standard deviation formula to 
determine agricultural efficiency in India. In the study, he selected all the 
twenty five major crops grown in the country which were grouped into 
cereals, pulses, oilseeds and cash crops and specific yields per hectare of 
cereals, pulses and oilseeds were taken. In case of cash crops, their 
monetary values were calculated (in Rs.) per hectare by incorporating 
wholesale market prices. Finally, the standard scores were computed and 
to give them weightage, these values were multiplied by the acreage 
figures, i.e; the area of cultivation under the crops. 
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Shafi (1972) while measuring the agricultural productivity of the 
Great Indian Plains modified the Enyedi's formula. In the modified 
formula the summation of the total yield of all the crops in the district is 
divided by the total area under the crops considered in the district and the 
position thus obtained is examined in relation to the total yield of all the 
crops considered at the national level divided by the total area under those 
crops. The formula would be read thus : 
y y y . Y Y Y • 
t t t T T T 
OR 
n n 
y Y 
t T 
where, 
ywyr'ynii " ^ ^°*^' yield of the various crops in the district. 
Yw'Yr,Y,,^ j.... n = total yield of the various crops at the national 
level, 
t = total area under different crops in the district, 
and 
T = total area under different crops at the national 
level. 
Singh (1972) has attempted to measure the agricultural 
efficiency of Haryana in terms of nutrition units per unit area. He has tried 
to measure the carrying capacity per square mile in the area unit which can 
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n 
be expressed as : 
1 
where, C = Carrying capacity 
C^ = Caloric output per square mile 
S,^  = Standard nutrition for ingestion in calories per person/ 
annum. 
He expressed it as a percentage of the carrying capacity in the 
entire region to obtain index numbers, which give a measure of the 
agricultural efficiency of the areal unit relative to the entire region. 
The above may be expressed as : 
Cpe 
lae = 7 - X 100 
where, I^ ,^ = the index number of agricultural efficiency of an 
enumeration unit. 
C = the carrying capacity is terms of population in the 
component enumeration unit. 
C = the carrying capacity in the entire region. 
The Indian Society of Agricultural statistics in its 30th Annual 
Conference held at Bhubaneshwar (OiTisa) India, discussed some aspects 
on agricultural productivity in the Indian context.^ Nangia, et al. (1977) 
conducted a field survey in the village Khandewala of Haiyana state. The 
5 Symposium on Regional Imbalances and Economic Development with Special 
Reference to Agriculture, Journal of the Indian Society of Agricultural 
Stallslics. 29(1), 1977, pp. 109-24. 
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Study takes into account the productivity levels at different fields of the 
village in tenns of meney value during 1974-75 and a number of factors in 
three broad categories, viz., environmental, technological, and institutional 
which held responsibilities for the productivity variations. 
Raheja, et al. (1977) have measured the impact of high yielding 
varieties based on data collected under the scheme 'Sample Surveys for 
Assessmet of High Yielding Varieties Programme' during 1973-74 and a 
general variations in productivity on the basis of yield per hectare in India. 
Singh, et al. (1977) have accounted the level of increase in the 
yield of different crops during three decennial year i.e.,1950-51, 1960-61 
and 1970-71 in each state of India, considering the relationship between 
the output of foodgrains and related inputs like, the application of 
fertilizer, proportion of area sown more than once and gross irrigated area. 
Bhalla (1978) has considered output per person on constant 
average price for measuring productivity of labour in Indian agriculture in 
order to account for nineteen crops during trienniums 1962-65 and 1970-
73 for each district of India. 
Singh (1979) devised a method of presenting a two-dimensional 
picture of agricultural productivity comprising two components viz., 
intensity and spread considering three variables (i) yield, (ii) grain 
equivalent, and (iii) cropping system in the districts of the state of Andhra 
Pradesh. Accordingly, a relative share of intensity and spread for each 
micro unit (district) has been computed to the macro unit (state) 
seperately for the above three variables with the help of equations that 
have been derived. 
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Saini (1979) asserts on the basis of his own empirical 
investigation into the Indian rural scene that Beixy's Cline's analysis "has 
established the general statistical validity of the inverse relationship 
between farm size and productivity per acre". 
Sharma and Countinho (1980) have analysed the trends of area, 
productivity and production particularly of sugarcane in Kamataka (India). 
They applied Spearman's rank correlation method and which provided a 
clue of positive relation between production and area as well as 
productivity. They suggested that area under sugarcane in Kamataka is 
increasing due to high productivity level. 
Qureshi and Parimala (1981) have laid emphasis on wateruse to 
increase agricultural productyivity in Tamil Nadu (India). They collected 
data of twenty four crops and calculated the productivity and then crop 
production was converted in terms of money. By adopting multiple 
regression analysis method, they observed that majority of the districts 
have improved agricultural productivity and a few did not show 
improvement because of environmental constraints. The overall 
development of technology, seeds, fertilizers and irrigation have 
facilitated the increase of agricultural productivity. 
Singh and Pandey (1981) made an intensive study in Haryana 
(India) in response to crop productivity and fertilizer use efficiency. Their 
studies revealed that the variation of crop yields were generally highest on 
the small farms and lowest on the medium farms. This may be due to low 
resource base on the small farms. The medium sized farms appear to be 
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better managed than the small and large fanns during the unfavourable 
weather year and hence the magnitude of crop loss is small on medium 
sized farms. 
Many studies revealed that the productivity of land is decreasing 
with the increase of from size. In this connection Todaro (1981) on the 
basis of "recent evidence from a wide range of third world countries 
clearly demonstrates that small form are more efficient producers of 
most agricultural commodities." 
Mishra(1982) while calculating the agricultural productivity in 
Eastern Uttar Pradesh pointed out that more than half of the total districts 
of Easteni Uttar Pradesh have shown high positive relationship between 
productivity and land holding. 
Sharma and Jain (1985) have examined the role of socio-
economic condition and agricultural inputs that increased yield of crops in 
Madhya Pradesh (India). Least square method has been adopted to find out 
the growth of output of crops. Their study shows that there is a regional 
disparity in the growth of output of crops because of the changes of area 
and yield rates and population pressure is also high especially in cropped 
area. They write "very few districts with high productivity and high growth 
have been recorded because of intensive use of yield raising technology, 
irrigation, HYV seeds and fertilizers, while predominantly, marginal and 
small farms are not able to acquire these inputs to put on their own land. 
Thus, low productivity and its imperceptible rate of growth in these areas 
should be perceived in their total perspective." 
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Srinavasa and et. al. (1988) These scholars paid attention to 
analyse the contribution of various factors to the productivity differences 
between small and large farm with the help of (i) neutral technological 
differences, (ii) non-technological difference, and (iii) inputs use 
differences. The difference of productivity can be estimated by using 
loglinean production functions method seperately for small and large 
farms. 
Borthakur and Chaingami (1990) examined an intra-regional 
analysis of low productivity area of Assam. They applied crop yield index 
method to compute agricultural productivity. After an intensive study, they 
opined that agricultural production and productivity primarily depends on 
physical, socio-economical and tech-organisational factors. 
Dubey (1987) have opined that the development of high-yielding 
crop varieties, the improved methods of crop fertilisation, use of 
insecticides and pesticides, threshers, tractors, tubewells etc.constitute 
the inputs of new farm technology. These techniques are yield increasing 
and help in increasing the farm productivity, if they are supplemented by 
introduction of adequate water supply, mechanical techniques and 
improved agrarian structure. 
Thakur, Moorti and Sharma (1990), have carried out a study on 
tribal farms of Himachal Pradesh and this study indicates that the 
proportional relationship between land holding and productivity would 
exist by increasing the use of human labour. 
Mohammad (1981) asserts that the adoption of farming 
techniques developed through research and education have brought out 
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diversification and increase in production and have resulted in greater 
economic returns to the farmers. The speedy and extensive development 
of agriculture by and large depends on technological change and spatial 
diffusion of agricultural innovation. Increase in the cultivated area as well 
as double cropped area are often due to technological improvements. 
Mohammad (1992) while describing the agricultural productivity 
in Uttar Pradesh (India), has taken the major crops grown. The levels of 
productivity have been computed in terms of acre (hect), yield (Rs./hect.) 
and output (Rs.'OOO) for different points of time. He has pointed out that 
there are major areas of the state where the yield level has not increased 
substantially even after the advent of green revolution. 
Mohammad (1992) has measured the knowledge and 
improvement of the farmers with agricultural productivity. He has taken 
862 respondents in the state of Uttar Pradesh (India) for studying the 
relationship and hypothesised that the traditional concept about ignorance 
and illiteracy of farmers leading to low agricultural productivity needs to 
be reviewed. 
Mohammad, and et.al. (1992) have calculated the agricultural 
productivity in Bihar (India) and correlated it with a set of independent 
variables, enumerated with broad categories i.e., environmental factors, 
technological factors and institutional factors using stepwise multiple 
regression analysis. They opined that these variables exercise a dominant 
influence on the agricultural productivity at different times and at 
different levels of development. 
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STRUCTURE AND RELIEF 
North Bihar Plain forms part of great northern Indian Plain which 
is remarkable for its uniform character and level topography. It extends 
from 24°20' North to 27°25' North latitudes and 83°51' East to 88°15' East 
longitudes embracing an area of 64,939 square kilometres (Figures 2.1 & 
2.2). The Plain occupies a deep depression between the peninsular Archean 
shield in the south and the Tertiary Alpine folds of the Himalayas in the 
north. The origin of this depression has been a point of concern amongst 
geologists who have not come to any mutually acceptable raison d'etre. 
Modern geologists consider it a synclinal basin or a sag formed 
concomitantly with the elevation of the Himalaya to its north. The 
depression perhaps began to form in the upper Eocene and attained its 
greatest development during the final Himalayan upheaval in Pleistocene 
and pleistocene and probably throughout its existence has been filled up 
by thick layers of sands, clays and occasional organic debris. It is also 
largely considered that the accumulation of sediments took place on a 
gradually or intermittently subsiding surface. It is further believed that the 
tract north of the Motihari-Purnia line is of older Pleistocene alluvium or 
'bhangar' and there appears to be a gradual uplift of the region alongwith 
the uplift of the Himalaya, while the portion lying to the south of this line 
upto the river Ganga containing mostly newer alluvium or 'khadar' is 
tending to sink (Dunn 1942). 
The great Austrian geologist Edward Suess, holds that it is a 
Tore-deep' formed in front of the resistant mass of the Peninsula when the 
Tethyan sediments were thrust southward and compressed against them 
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(Krishann, 1956). Burrad holds the view that the North Indian Plains 
represent a rift valley bounded by parallel faults on either side with a 
maximum downthrow of 32 kilometres (Burrad, 1912). The geological 
formations throw much light on the occurrence of various types of soils, 
minerals and the geographic landscape. 
The North Bihar Plain is covered with a thick mantle of fertile 
alluvium that extends to a variable but unknown depth. The greatest depth 
of the alluvium is thought to be within a few kilometres of the Himalayan 
foothills in a trough that extends from northwest to south east through 
Motihari where the thickness of the deposits may be of the order of 1,800 
metres, about 6,000 ft. (Dunn 1942). North of the Motihari-Purnia trough 
line, the deposits belong to the middle or upper Pleistocene period and are 
known as older alluvium or 'bhangar'. They are rather dark coloured and 
generally rich in calcium carbonate nodules known as 'kankar' of various 
shape and size. The older alluvium deposits usually form slightly elevated 
tracts, generally above the flood level in specially bhangar uplands of 
Gopalganj, Siwan, Saran, West Champaran, East Champaran and 
Muzaffarpur districts or occupy border zone along Nepal where the rivers 
have cut through them to a lower level. Kankar obtained from these older 
formations of the Pleistocene age is used for lime and cement making and 
for road construction. These deposits also yield large quantities of 
saltpetie and reh. Some reh, a saline efflorescence mainly composed of 
the sulphate, carbonate and chloride of sodium, is found in the western 
part of the region in Gopalganj, Siwan, and Saran distiicts. The presence of 
reh generally makes the soil useless for cultivation. The newer alluvium 
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usually known as 'khadar' is still in the process of formation and belongs 
especially to the late or upper Pleistocene to recent age. These deposits 
occur at a lower level than the 'bhangar' and are confined chiefly to the 
vicinity of the present river channels, such as in the eastern low lands of 
North Bihar. These new deposits of silts, clays and fine sands furnish an 
unlimited supply of clay which is the sole raw material in the vast plain for 
the manufacturing of earthenware, bricks and tiles. 
North Bihar Plain is an important fertile zone of the North Indian 
Plain. The entire tract north of the Ganga is absolutely alluvial and 
monotonously flat without a single hill appearing above the Plain. "The 
only diversities seen on the surface are due to river action, a series of 
raised river side uplands known as levees"* (Ahmad, 1965). The general 
direction of slope of the Plain is from north to south towards the Ganga, 
but it is gentler in the west then in the east. It is important to note that 
North Bihar is traversed by a series of southward flowing rivers like 
Ghaghara, Gandak, Burhi Gandak, Kamla and Kosi, all draining into the 
River Ganga. These Himalayan streams emerging from the outer Himalaya, 
tend to deposit heavy loads in the shape of alluvial fans at the foot of 
mountains due to sudden change in the gradient which becomes gentle and 
with considerably reduced velocity the streams tend to deposit their loads. 
In the northern tract of the North Bihar Plain, the River Kosi and other 
streams generally scour their beds as well as banks, and thereby remove 
the older alluvium form the higher northern tracts and deposit it further 
downstreams in the southern section. These deposits are laid down in the 
southern part on account of greater flatness and lowlying nature of the 
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region. Forced by the new deposits, the streams have developed a tendency 
to change their course more frequently. Sometimes these changed courses 
cut across the meanders and split of into a number of channels, so that 
there is not only the tendency of redistributing the alluvium within its bed 
and banks, but rather the alluvium is spread far beyond the river banks, 
over a greater part of the sunounding region during the floods. Flooding is 
thus an important characteristic feature of the southern part of the North 
Bihar Plain. 
Physiographically, the North Bihar Plain can be divided into five 
,.^,?i Aw.d Lif,, distinct divisions.-
i) The Western Bhangar Plain; 
ii) The Burhi Gandak-Bagmati Doab; 
iii) The Sub-montane Bhangar Tract; 
iv) The Kosi Floodplain; and 
v) The Ganga Riverine Strip. 
i) The Western Bangar Plain 
A vast region stretching to the north of Ganga river and spreading 
upto Burhi Gandak river, covers the entire area of Gopalganj, Siwan, and 
Saran districts, the southern part of East Champaran district, the southern 
part of Muzaffarpur district and the west-central part of Samastipur 
district. This plain has a slightly higher elevation than the adjacent areas, 
having almost a level surface. Its slopes gradually from north-west corner 
of Gopalganj district, which has an elevation of 68 metres above mean sea 
level towards southeast where the elevation is 30 metres as above mean 
56 
sea level in the district of Begusarai. The slope is imperceptible but the 
flatness of the surface is broken by the presence of mounds which mark 
the sites of old fortressess or deserted villages. Besides the Khadar 
valleys cut by major streams draining through the area, the uniformity of 
this level plain is also broken at many places by the depressions and 
marshes that dot the entire area. These depressions are specially marked in 
the southeastern part of Muzaffarpur district where the small 'Chaurs' 
(semi-circular and marshy lowlands) or 'tals' (natural depression filled 
with water during rainy season) are prominent features. 
ii) The Burhi Gandak - Baghmati Doab 
It is a narrow and long belt of khadar land running in a northwest 
to the southeast direction from Motihari in the East Champaran district to 
the confluence of Rivers Kosi and Ganga near Karhagola in Katihar. The 
area is in a form of lowland with an average elevation of 29 metres above 
mean sea level - the lowest in the whole of North Bihar Plain. It consists 
of 'khadar' land traversed by the rivers - Burhi Gandak, Bagmati and Kosi. 
Theske rivers passing through this region are relatively narrow in their 
upper parts but open out and become broad in their lower courses. The 
Burhi Gandak - Bagmati doab land of cential Champaran, Muzaffarpur and 
Darbhanga is more or less level and forms a distinct lowland section 
studded with innumerable long semi-circular lakes formed due to the 
shifting course of River Burhi Gandak. This lowland section is subjected 
to inundation during rains. The Turki embankment has been constructed off 
the flood water of the river Burhi Gandak. The old bed of the Great Gandak 
and its depth varies from 1 metre to 6 metres. The doab extends further 
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estwards to include the Resera - Bahera lowlands in Darbhanga district and 
Kabor Tal depression of north Munger district. Further eastward from 
Khagaria district upto Naugachia sub-division of Bhagalpur, it may be 
called the Ganga-Kosi Doab because it is occupied mainly by the present 
channel of Kosi River. 
iii) The Sub-montane Bangar Tract 
It is an elongated belt of entirely different structure from the 
remaining part of North Bihar Plain, which runs parallel to the foothills 
from Sumeshwar and the Dun ranges in the west to Pumia district in the 
east. It is generally an elevated track fonned of bhangar (older alluvium) 
deposits. There are, however, some lowlying areas near the streams and 
marshes that are conspicous amongst the highlying elevated areas. 
iv) The Kosi Flood Plain 
It lies between the Bagmati river in the west and the Mahananda 
river in the east excluding the Mahananda upland in the north-western and 
Mahananda lowland in south Pumia district. The entire area is an extensive 
lowlying plain intersected by numerous streams and marshes. Generally 
this region is prone to floods from river traversing the area. The rivers are 
interconnected by numerous deep and wide channels 'dhars\ The only 
elevated land of the area is formed by the levees of the larger rivers from 
which the land gradually slopes outwards often meeting a similar sloping 
surface from some other river. The interfluvial plains are usually studded 
with numerous marshes which frequently have great areal extent. The whole 
of this eastern section of North Bihar Plain, as a matter of fact, can be 
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regarded as the flood plain of Kosi. The River Kosi and other Himalayan 
streams that drain this part have large independent river basins or 
catchment areas in the Himalayas. Due to steep gradient the erosion is 
much active in their catchment area resulting the enormous quantities of 
silt deposition. So these rivers are subjected to great fluctuation in volume 
of water. The Kosi, for example, is specially notorious with a rise of 9 
metres in twenty four hours (O'Malley, 1917). It is worthwhile to note that 
this river does not make deposits of silt like the Ganga, but on the contrary 
brings enormous amounts of coarse sand which is spread over the fields 
making them infertile. Sometimes the amount of detritus and sand is so 
great that the beds are raised above the surrounding land. The Kosi has 
been responsible for enormous devastation by flood or by spreads of 
micaceous sand (Spate, 1967). 
The Kosi Flood Plain is thus a 'sandyflat' full of dead channels of 
Kosi river. In the vast expanse of the sandy deposits they develop pastures 
of fine grasses. These prairie-like plains are called 'ramnas' that support a 
vast number of cattle and sheep. The newly formed 'chaurs' or alluvial 
deposits are covered with dense Jungles of coarse grass forming a good 
cover for wild animals (O'Malley, 1911). 
v) The Ganga Riverine Strip 
This physiographic division has a strip of lowland of about 3 to 
16 kilometres extending along both the sides of the main bed of the River 
Ganga. It is a low plain where the Ganga takes an intricate meandering 
course and often makes sharp bends leaving at places semi circular 
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channels called 'chaurs' or oxbow lakes. The braided pattern of the 
streams and shifting nature of the channels are the main characteristics. 
So, the region is subjected to great variation with respect to width and 
aggradation at one end and degradation at the other. Wherever the banks 
are high, they present an effective barrier against the degradational action 
of streams. Several such high banks occur close to the Ganga standing at 
natural levees and these afford good riparian sites for human settlements. 
One such high bank runs from Chhapra to Dighwara and Pahleza Ghat in 
Saran district. The other important banks are from Munger Ghat to 
Khagaria in Munger district and in the east along Kursela and Manihari 
Ghat in Purnia district. These highlands are as a matter of fact, always 
liable to be cut away and the lowlands which lie behind these natural levees 
or high banks are regularly inundated eveiy year by the River Ganga. The 
southern fringes of Vaishali, Samastipur, Begusarai and Katihar districts 
afford suitable expanse of land where flood waters spread far and wide, 
sometimes extending to 14 Kilometres during the rains as against its 
average width of 3 to 6 kilometres. Indeed in Pharkiya Pargana of Munger 
district, Ganga water spreads over the lowlying tract for about 32 
kilometres to the north of the main channel. At the places the Ganga not 
only overflows the countiy on its banks but also forces back the waters of 
the Gandak river and inundates the land between the two Gandak 
embankments far above Hajipur. Extensive sandy beds and 'diara' lands 
have emerged out in the Ganga riparian tract of the eastern districts of 
North Bihar Plain. The soils of these 'diara' lands is very fertile and 
capable of growing good crops. 
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DRAINAGE 
The source of the chief drainage systems of the North Bihar Plain 
lies in the Himalayas. They flow in a north-south direction following the 
slope of the region and ultimately discharge their load into the Ganga 
river. The important rivers of this region are - the Ghaghara and its 
tributaries; Jhorahi and the Daha, the Gandak, the Burhi Gandak with its 
tributary, Bagmati, Kamla, Balan, Kosi and its tributary and the Mahananda 
(Figure 2.3) 
The principal rivers which play a very significant role in making 
up this region and influence the agricultural economy of the area are 
described below. 
The River Ghaghara 
The river Ghaghara is formed by the combined waters of the 
Kauriala, Girwa, Chauka and other streams which have their origin in the 
mountains of Kumaun and Nepal. It has its source in the Himalayan 
glaciers about 60 Kilometres to the southwest of Mansarowar at an 
elevation of 4,800 meters at 30° 38' North latitude and 80° 57' East 
longitude. The river is joined on its left bank by the little Gandak, about 3 
kilometres to the south of village Gothini where it forms the boundary 
between the states of Bihar and Uttar Pradesh. Later on, after receiving the 
Jhorahi and the Daha, the two small rivers on its left, the river finally joins 
the river Ganga a few Kilometres downstream from Chhapra. 
The river has a constant tendency to change its course during the 
annual floods, and in this manner large tracts of land from time to time are 
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transferred either to the northern or southern banks, rending the region 
subject to incessant variation. The total length of River Ghaghara in Saran 
district is about 88 Kilometres and it commands a drainage basin of 3,000 
square kilometres in Bihar. 
The River Gandak 
The river Gandak rises in the central Himalayas at an elevation of 
7,600 metres. The river is also known as the Saligrami in Nepal and 
Narayani or Kali in Indian Plain. The main source of the river lies in the 
north-eastern part of Dhaulagiri in Tibet at 29°18' North and 83°58' East 
longitude. It flows across the districts of Champaran (Bettiah & Motihari), 
Gopalganj, Saran, Vaishali and Muzaffarpur for about 250 Kilometres in 
the Indian Plains and drains a total area of about 7,600 square kilometres. 
The river finally turns to southeast from its source and joins the left bank 
of Ganga near Sonepur. The banks of River Gandak are generally higher 
than the adjacent land, a fact which has had considerable influence on the 
people living in Saran district as the floods often overflow the banks and 
inundate large tracts of land. 
The river has no tributaries all through in its course in the Plains. 
The length of the Gandak is 630 Kilometres. The Gandak Project has been 
constructed at Tribeni and it irrigates about 1.47 million hectares of land 
in North Bihar Plain, Uttar Pradesh and Nepal. This project has reduced 
the ravages from the floods and has been found to be helpful for the 
establishment of small scale industries through the supply of cheap hydro-
power. The command are of the project in North Bihar Plain accounts for 
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about 10 lakh hectares, which includes the districts of West Champaran, 
East Champaran, Gopalganj, Siwan, Saran, Muzaffarpur and Vaishali. 
In recent years it has been observed that the River Gandak has 
become probably most dangerous river owing to its swift flow, changing 
courses and heavy discharge of waters in its catchment districts viz.. West 
Champaran, East Champaran, Saran and Gopalganj have become prone to 
ravages from the floods. However, the River Gandak is a navigable river in 
the northern parts of the Plain and a good deal of timber is transported. 
The River Burhi Gandak 
It is known as the 'Sikarna' in its upper reaches and rises in East 
Champaran district fonn the springs of the Sumeshwar Hills at an elevation 
of 3,000 meters above sea level located at 27° 22' North latitude and 
84°80' East longitude. The river having a drainage area of about 10,150 
square kilometres flows for a total length of 320 kilometies. The River 
Burhi Gandak is practically a collection of hill torents raising from 
springs in the begining and then assumes the form of a river. 
The rivers generally draining the area to the east of the Burhi 
Gandak and upto the Kosi are known as the Adhwara group of rivers. The 
most important of these are the Bagmati and Kamla. These rivers are 
characterized by their steep gradients in the Himalayan region and their 
flatter slopes lower down. This results in dropping of silt load in the 
middle of the channel and a consequential spill over of water leading to 
the transfer of flood waters from one river to another. These river have a 
constant tendency to change their course, owing to mature topography of 
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the region. The River Bagmati - a tributary of the Burhi Gandak rises in 
Shivapuri Hills of Nepal at an elevation of 1,500 metres at 27°47' North 
latitude and 65°17' East longitude. The river cuts across the Mahabharat 
range of hills and enters in India at Rasoolpur in Sitamarhi district and 
later on, joins the River Burhi Gandak near village 'Barna' in the district of 
Samastipur. The river has a drainage area of 6,320 square kilometres in 
North Bihar Plain, with a length of 396 kilometres. The waters of river 
Bagmati carry vast amounts of silt which, when deposited through floods 
in the near by area, increases the fertility of land. 
The River Kosi 
The river Kosi or 'Kaushiki' of the legends is the 'wildest' and 
most uncertain among the Indian rivers (Ahmad, 1946). The river has its 
source in the snowcovered peaks of Sikkim, Nepal and Tibet at 27°58' 
North latitude and 87°5r East longitude. There are seven streams, of which 
three streams namely Son, Kosi, Aruh Kosi and Tamur Kosi are important. 
They join in Nepal and form the main Kosi river. It has a total drainage of 
74,500 square kilometres of which 11,070 square kilometres lie in India. 
The Kosi enters into Indian territory about 25 kilometres to the south of 
Chatra gorge. 
The river is most notorious for shifting its course and there is 
perhaps no river in India which has changed its course so frequently as 
Kosi has done (Pandey, 1963). The river has shifted its course westwards 
by 112 Kilometres during the last 200 years, converting about 7,000 -
8,000 square kilometres of cultivable land into wasteland through 
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depositing coarse silt in the districts of Darbhanga, Purnia and Katihar. 
The river is known as the "Sorrow of Bihar". A barrage has been 
constructed at Hanumannagar for preventing the river moving ways side 
and for storing water for the purpose of irrigation. Another two canals take 
off on either side of the river and irrigate over one million hectares in the 
districts of Darbhanga, Purnia and Saharsa. 
The river Kamla has its source in the Mahabharat range of hills in 
Nepal at an elevation of 1,200 metres with 27° 15' North latitude and 
85°57' East longitude. It receives many tributaries in its way, of which the 
Chandala, the Jawakhola and the Thakur are important. The river enters in 
Indian territory near Jaynagar in Madhubani district, thereafter it tums in a 
southeasterly direction until it joins the River Kosi on the border line of 
Darbhanga and Saharsa district. The river traverses a distance of 328 
kilometres in North Bihar Plain. 
The River Mahananda 
It is an another important river of North Bihar Plain which rises 
at 26°58' North latitude and 88°09' East longitude in the Mahaldiran Hills 
of Himalayas in Darjeeling district of West Bengal, at an elevation of 
2,100 metres. The river enters into North Bihar Plain in the north-eastern 
comer of Purnia district and after covering a distance of 376 kilometres 
finally leaves the area at the eastern tip of Katihar district. On its later 
journey, the river passes through West Bengal and joins the River Ganga at 
Godagiri. 
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CLIMATE 
North Bihar Plain experiences a tropical monsoon climate, 
characterized by a seasonal rhythm produced by the southwest and 
northeast monsoon. The word monsoon is derived form the Arabic word 
'niausim' which signifies 'season'. In its fundamental meaning, based 
simply on day-to-day experience, the term 'monsoon' designates the 
seasonal surface air currents, reversed from summer to winter 
(Pedelaborde, 1963). The reversal of pressure takes place regularly twice 
a year due to these two prevalent types of winds. 
The seasonal rhythm of monsoon reversal is the chief 
characteristic of the region - the slightest variation of which largely 
controls the agricultural operations of the area. The whole year witnesses 
the three main seasons, corresponding to three agricultural seasons of the 
area. These seasons are: firstly, a hot weather season corresponding to 
agricultural season known as 'garnia' famous for high temperatures, very 
low humidity and the prevalence of hot dusty winds. The season being a 
completely dry, never permits any major agricultural operations; secondly, 
a rainy season corresponding to 'kharif agricultural season known for 
clouded sky, high humidity and heavy rainfall; and thirdly, a cold weather 
season corresponding to agricultural season known as 'rabi' - characterised 
by low temperatures, clear skies, little rainfall and low humidity. Thus 
these are three distinct seasons most commonly recognised in North Bihar 
Plain. 
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1. The Hot weather Season (March to Mid - June) 
2. The Season of Rains (Mid-June to October) 
3. The Cold Weather Season (November to February) 
For studying the climatic variation, six stations of North Bihar 
Plain have been taken. They are Chhapra (Saran), Raxaul (East Champaran), 
Muzaffarpur, Darbhanga, Bhagalpur and Purnia. Table 2.1 analyses the mean 
monthly temperature of these stations. 
The Hot Weather Season 
The begining of March is well marked by a rapid increase of 
temperature because of the apparent movement of the Sun northward. With 
the increase in temperature, the pressure falls abruptly on the heated plain 
but the subtropical anti-cyclone still persist (Kendrew, 1961). In this 
season the North Bihar Plain is dominated by a low pressure system due to 
high temperature. The temperature reaches its maximum in the month of 
May. The mean monthly temperature in March varies from 22.3°C to 
26.3°C for East Champaran and Bhagalpur respectively (Figure 2.4). The 
mean minimum temperature for this month are Saran (12.5"C), East 
Champaran (8.5°C), Muzaffarpur (10.7°C), Darbhanga (11.6°C), Bhagalpur 
(14.4°C), and Purnia (9.4°C). While, the mean maximum temperature 
during this month may be noted in Saran (37.9°C), East Champaran 
(36.1°C), Muzaffarpur (36.3°C), Darbhanga (36.1°C) Bhagalpur (38.2°C) 
and Purnia (37.0°C) (Figure 2.5). The days in the month of March are 
characterised by fairly warm, while nights are cool and pleasant. 
TABLE 2.1 
North Bihar Plain : Mean Monthly Temperature 
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Months/ 
Stations 
Jan 
Feb 
Mar 
Apr 
May 
June 
July 
Aug 
Sep 
Oct 
Nov 
Dec 
Saran 
16.8 
20.1 
25.2 
29.6 
32.2 
32.9 
30.3 
29.9 
29.2 
26.7 
22.1 
17.8 
E.Champaian 
15.4 
17.7 
22.3 
26.8 
28.6 
30.2 
29.6 
29.1 
28.1 
24.9 
20.7 
16.9 
Muzaffaipur 
16.2 
18.6 
23.5 
27.8 
30.6 
31.0 
30.3 
28.8 
28.8 
25.8 
21.1 
17.0 
Darbhanga 
16.3 
18.9 
23.8 
28.0 
30.1 
30.6 
29.4 
28.9 
28.9 
26.3 
21.7 
17.8 
Bhagalpur 
17.9 
20.9 
26.3 
30.3 
31.3 
31.8 
30.1 
29.6 
29.6 
26.9 
22.7 
18.9 
Pumia 
15.5 
18.4 
23.2 
27.5 
29.4 
29.7 
28.8 
28.5 
28.5 
25.1 
20.7 
16.9 
Source : Climatological Tables of Observatories in India, India 
Meteorological Department, New Delhi. 
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The month of April records a further increase in temperature, 
when the mean monthly temperature varies between 26.9°C and 30.3°C for 
the stations of East Champaran and Bhagalpur respectively. The month of 
May is even more hot, with a mean monthly temperature ranges between 
28.7°C and 32.2°C in the Plain. A mean maximum temperature of 43.rC is 
recorded in the station of Saran, whereas. East Champaran has a mean 
minimum temperature of 17.8°C during the month of May (Table 2.2). It is 
observed that April and May are the hottest months of the year. Latter on, 
the temperature begins to decrease in June. The relative humidity varies 
between 48 per cent to 56 per cent during this season. However, the 
relative humidity increases to 70 per cent in the month of June as 
compared to 55 per cent during May. The velocity of wind varies form 3.4 
kmph to 12.9 kniph. 
In the summer months, hot dry winds locally known as 'loo' - a 
hot and dusty wind are a regular phenomena blow with great intensity, 
sometimes taking the form of violent squalls of short duration. The 
velocity of these winds increase in the afternoon and they blow with 
violent force till 4 p.m. in the evening when their force is retarded to such 
an extent that they practically disappear form the scene. These winds are 
accompanied with thick clouds of dust giving rise to a brassy look to the 
atmosphere. In the presence of dust particles the visibility is greatly 
reduced. The dust storms, 'aandhi', however, are sometimes accompanied 
with light rain leading to cooling of the air. April - May rainfall averaging 
from 12 to 20 cms is a precursor of the general rains (Blandford, 1889). It 
is beneficial for ripening of rabi crops as well as the fruits like lychee 
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and mangoes. The fruit of lychee is very common in the districts of 
Muzaffarpur and Vaishali. The humidity slightly increases for sometime, 
but again decreases gradually during the dry period when there is no 
rainfall, and the heat again becomes unbearable. 
The Season of Rains 
The begining of June is marked by a more severe characteristics 
of the hot weather season when the heat coupled with dryness of the 
atmosphere becomes intolerable. At this time an intense low pressure area 
develops in north-western India. As a result the zonal westerlies over 
north-western India begin to move northward but this is resisted by the 
mountains. Consequently the jet stream which has been in south of the 
mountains at about 30°North during winter, tends to alternately disappear 
and then reappear in south of the mountains. The disappearance is 
associated with the northward advance of the summer monsoon. Finally in 
the late May or early June, the jet disappears completely over northern 
India and takes up a position at about 40°North to the north of the 
Himalayas. At the same time there occur a westward movement of the low 
pressure trough from 85° East to 75° East over western India. With the 
disappearance of jet over northern India and a westward shift of the trough, 
monsoon winds enter the Plains (Trewartha, 1962). These moisture laden 
winds bring an abrupt change in the weather and a sudden fall in day 
temperature occurs. 
The atmosphere becomes cool and pleasant. The mean monthly 
temperature for rainy season for all the stations studied are as Saran 
74 
(30.6°C), East Champaran (29.2°C), Muzaffarpur (29.8°C), Darbhanga 
(29.5°C), Bhagalpur (30.3°C) and Pumia (28.9°C) (Tabe 2.1). The mean 
maximum temperature of 42.5°C is recorded in the month of June in Saran, 
whereas, a mean minimum temperature of 21.6°C is observed in Raxaul 
(East Champaran) for the month of September (Table 2.2). Figures 2.4 & 
2.5 analyses that with the onset set of monsoonal rain, the mean minimum, 
mean maximum and mean monthly temperatures records a decreasing 
tendency and this trend of decrease in temperature continues through the 
months of rainy season. The monsoons result in heavy rainfall in the sub-
montane region along the northern boundary of North Bihar Plain, which 
receives an average of 245 cms of rain. The highest rain is recorded in the 
station of Purnia with 280.9 cms of average rain, while the lowest is 
recorded at Saran, the western counteipart with 220.8 cms of average rain. 
This decreasing trend shows that the rainfall gradually decreases with the 
progress of monsoon - from east to west. The relative humidity of Purnia 
is recorded as 82.7 per cent as highest in North Bihar Plain, while the 
lowest is observed in the station of Saran (77.2 per cent). The winds blow 
form east to west with an average velocity of 5.48 kmph. 
The Cold weather Season 
After the retreat of south west monsoon, the region comes 
gradually under a high pressure belt which develops over the Plain due to 
low temperatures. By the end of October the skies become clear, rains 
stop and there is a further fall in temperature heralding the begining of a 
cold weather season from November. The mean monthly temperature for 
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cold weather season varies from one station to other viz., Saran (19.2°C), 
East Champaran (17.7°C), Muzaffarpur (18.2°C) Darbhanga (18.7°C), 
Bhagalpur (20.1°C), and Purnia (17.8°C) (Figure 2.4). Figure 2.5 depicts 
that the mean minimum temperature for November ranges between 9.7°C 
(Purnia) and 13.4°C (Bhagalpur), while the mean maximum temperature 
varies between 3I.I°C (Purnia) and 32.1°C (Saran) for the month of 
November. The month of December records a further decrease both in the 
mean minimum and mean maximum temperature. The mean minimum 
temperature is recorded in Purnia with 5.7°C, while Bhagalpur has 9.5°C 
of temperature being highest in the region in December (Table 2.2). The 
mean maximum temperature for the month of December has been allocated 
at Bhagalpur (28.4°C) of highest, whereas, 27.0°C of temperature is 
recorded as lowest in Muzaffarpur. January - the coldest month has 
recorded a lowest temperature in the region, where the mean minimum 
temperature is ranges between 4.1°C in Purnia and 8.4°C in Bhagalpur, 
whereas, the mean maximum temperature is recorded as 27.4°C in 
Bhagalpur in the eastern margin, while its western counterpart. East 
Champaran, records the lowest temperature of 25.8°C for the month of 
Januaiy (Figure 2.5). 
The month of February registers a slight increase in the 
temperature but the nights are still cold and the days are comparatively 
wanner. A significant climatic feature of this season is the occurrence of 
'pala' frost in the early hours of morning which adversely affect the rabi 
crops - arhar, gram, peas, rapeseed, mustard and potatoes. 
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Rainfall Rhythm 
The rainfall rhythm of North Bihar Plain is well-marked by the 
concentration of rainfall in the three months of the year from mid-June to 
mid-September. The other months of the year remain dry except January 
and February which receive small amounts of rain through the western 
depressions. It may be observed from Table 2.3 that the rainfall received 
in the months from June to September accounts 83.34 per cent to 95.79 
per cent of the total annual rainfall in the districts of North Bihar Plain. 
The spatial distribution of rainfall in North Bihar Plain follows a 
distinct pattern. Guided by relief, the Bay of Bengal and current of 
southwest monsoon - after striking against Himalaya moves westward 
close to Himalayan ranges. The region therefore experiences heavy 
rainfall from these currents in the northern most belt, comprising the 
districts of Kishanganj, Araria, Saharsa, Madhubani, Sitamarhi, East 
Champaran and West Champaran - where the actual incidence of rainfall is 
2480.1 mm, 1681.6 mm, 1149.8 mm, 1104.3 mm, 1017.8 mm, 846.3 mm 
and 1160.1 mm respectively. However, the rainfall gradually decreases 
westward with the progress of monsoon. On the eastern margin it is the 
highest in the districts of Purnia and Katihar as 1597.4 mm and 1399.6 
mm respectively. While, the monsoon goes away from these region, the 
rainfall automatically decreases, as it can be seen from these districts 
where their amount of rainfall is given under brackets viz., Bhagalpur 
(1222.5mm), Madhepura (1243.0mm), Khagaria (818.0mm), Begusarai 
(969.8mm), Samastipur (833.3 mm), Darbhanga (863.6 mm), Muzaffarpur 
(870.6 mm), Vaishali (745.8 mm), Saran (857.1 mm), Siwan (900.4 mm) 
and Gopalganj (1085.6 mm). The variation in annual rainfall is shown in 
Table 2.3. 
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SOIL 
The character of agriculture depends mainly on the nature of the 
soils. The soils of North Bihar Plain, which are made of the alluvium 
brought by the Gandak, Burhi Gandak, Ghaghara, Kosi, Ganga and Narmada 
rivers, are deposited probably for the most past over Siwalik and Old 
Tertiaiy rocks, have also been veiy much affected by the local climatic and 
vegetative conditions and topography. This drift of alluvial soil is 
relatively young, and is constantly rejuvenated year after year by the 
deposition of sand and silt by the numerous streams. It is deficient in 
phosphoric acid, nitrogen and humus, but potash and lime are usually 
present in sufficient quantity. 
Geologically, the alluvial deposits of the region fall into two 
divisions : khadar or new alluvium are generally light in colour owing to 
the higher amount of sand present in its composition, and bhangar or old 
alluvium having more clayey and silty compositions, are generally grey to 
dark in colour. Bhangar corresponds with middle-Pleistocene age, while 
the khadar with the Recent Period (Krishnan, 1956). 
The soils in North Bihar Plain may be grouped into four broad 
classification : (i) Swampy soils (2) The Ganga Alluvium soils (3) 
Calcareous soils (4) Red and Yellow light soils. The areal distribution of 
these soils have been mapped in Figure 2.6. 
Swampy Soils 
These soils are found in the narrow belt of Tarai in the northwest 
of Champaran district in the Siwalik region. In the extreme northern 
79 
80 
margin of this district, a thin narrow belt of heterogeneous Himalayan soil 
is also found above the swampy soils. Swampy soil tract is conditioned by 
excessive moisture due to large amount of annual rainfall and continuous 
seepage of water from the northern sloping land. These soils remain 
saturated during the monsoon months and remain fairly moist during the 
succeeding winter owing to the presence of a high level of underground 
water. The soil is mostly clay of dark grey colour. Being clayey in nature 
these soils are highly retentive of moisture, and are therefore most 
suitable for the cultivation of rice (Ahmad, 1965). 
The Ganga Alluvium 
The Ganga alluvium acquires a vast area along the banks of the 
Rivers Ganga, Gandak and Kosi. The alluvium soils are generally of light 
textured, light grey in colour and moderately alkaline in reaction with 
medium to high fertility status. The alluvium is mostly loamy in texture 
although sand and clay proportions vaiy from one place to other. Potassium 
nitrate is a natural formation in the soils of the western districts of North 
Bihar Plain. The alternating warm and humid climate of the region offers 
most conducive conditions for the accumulation of this salt in the subsoil. 
The general monotony in the appearance of the alluvium leads to 
the misconception that it is homogeneous, while as a matter of fact, the 
vaiying conditions of environment have imparted to it marked variations 
from one region to other. The content of lime varies greatly from a high 
percentage in the western part to a very low percentage in its eastern 
counterpart. The subsoils are not uniform in texture but consist of well 
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defined layers varying from pure sand to heavy clay. Variations in the 
fertility of soils from place to place, especially in the east where the 
rainfall is heaviest, are not so much due to differences in the surface soil 
but may be due to varying capacity of moisture retention. The pH value of 
these soils varies from nearly neutral to alkaline in calcareous zones and 
alkaline to acidic in the non-calcareous zones of Saharsa district. 
Geologically, the alluvium is divided into groups : 
i) Newer Alluvium or Khadar 
ii) Older Alluvium or Bhangar 
i) Newer Alluvium or Khadar 
The finer and newer alluvium is called khadar. It varies mostly 
from clayey to sandy loam in texture and is generally acidic in reaction. 
The soils are generally grey to ash grey in colour. It is generally found 
along the banks of rivers and streams. It is generally highly leached and is 
low in humus and nitrogen and poor in lime. The khadar soils may, 
therefore, be classified into (i) Sandy soil (Balua) and (ii) Kachhar soil. 
The newer alluvium is found along the River Gandak, in the 
districts of West Champaran, East Champaran, Vaishali, Muzaffarpur, 
Gopalganj and in a narrow belt along the River Ghaghara in Saran district. 
The soil is also found in Kosi region. It is suitable for the production of 
sugarcane, paddy and rootcrops. The whole of Saharsa district is often 
occupied by clayey (Dhankar) soil. The soils of this area are low to 
medium in fertility, and are generally devoted to paddy and jute cultivation. 
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This clay belt merges to the east into loamy and sandy loam soils of the 
Kosi belt. 
ii) Older Alluvium or Bhangar 
The older alluvium or the coarse gravel is known as the 
'bhangar'. It is found in the higher reaches about 30 metres above the 
flood level. A few metres below the surface of the bhangar are beds of 
lime nodules known as kankar. These alluviums are more clayey in 
composition, and generally of dark colour. The soils lie between the higher 
levels of streams in lowlying interfluves and is inundated by water during 
the rains through spill channels which cut through the levees. The bhangar 
soils, according to their texture may, therefore, be classified into (i) loamy 
(Domal), (ii) clayey loam {MaUyar), and clayey {Dhankar). 
The soil is richer in lime than the khadar. Bhangar lands form 
the typical paddy areas of North Bihar Plain. This group of soil occupies a 
vast area of west Champaran, East Champaran, Sitamarhi, Madhubani, 
Darbhanga, Gopalganj and Pumia districts. It is also found in some parts 
of Muzaffarpur, Bhagalpur, Munger and in a small patch in Begusarai 
district. 
The Calcareous Soil 
It is also known as Bhal - a typical calcium soil found in the 
depressions which is calcareous in nature, though in its texture, it 
resembles the soils of the bhangar land. The soil is formed of the 
alluvium brought by Gandak and little Gandak rivers in which the 
83 
percentage of lime ranges from 25 to 30. It is due to this amount of lime 
that the soil at the surface appears to be white in colour. 
These soils are generally lowlying, single-grained in structure and 
sandy loam to silty loam in texture (Raychaudhari, 1963). Where its 
texture is sandy loam, it is relatively white in colour and where the texture 
is silty or clayey loam it tends to be ash grey. In its chemical composition 
calcareous soil is distinguished from the bhangar soils by the large 
proportion of carbonate of lime, magnesia and alumina. 
The soils are alkaline in reaction owing to a high amount of 
calcium carbonate or kankar nodules present in the soil in precipitated 
form. But at the same time these soils have high capacity of moisture 
retention. 
The soil mainly occupies in the Tirhut Division of North western 
Bihar Plain. The belt of this soil roughly conesponds with the bhangar 
area of Gopalganj Siwan and Saran and also the khadar tract of the Gandak 
in the West Champaran and East Champaran. This soil is well developed 
and occupies whole of the Muzaffarpur and the western part of Darbhanga 
district. The soil is more useful for lichi plants in these areas. 
The Red and Yellow Light Soils 
It occupy a meagre area and generally found in two districts of 
North Bihar Plain (Bhagalpur and Munger) which is located in the southern 
portion of the study region. This soil is formed from 'schistose rocks' and 
is deficient in nitrogen, phosphoric acid and humus. Laterite is found on 
higher levels at the southern margins of Bhagalpur district. This soil is 
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useful for the production of arhar and castor crops. The red colour is due 
to presence of oxides. The red and yellow light soils of extreme southern 
margins of Munger and Bhagalpur may be regarded as laterite formation. 
LAND UTILIZATION 
Land forms one of the major natural resources of a countiy. The 
nature and magnitude of economic activities industrial or agricultural, 
mainly depend on the quantum of land resources and the manner in which 
they are utilized. Given the limited area of land, its use has to be made in 
a way that it maximises the current return from it and does not damage its 
potentialities for yielding better returns in future. 
Land utilization deals with "the study of problems arising in the 
process of deciding between the alternative major types of landuses and 
putting all types of land to their respective optimum uses. For an agrarian 
economy, like ours, proper land utilization is all the more important. Land 
is needed not only for agriculture but is also the source of forest produce, 
medicinal herbs and water that play a vital role in the country's economy. 
Landuse patterns are extremely complex pattern, falling into 
different categories. This complex landuse pattern is the result of 
centuries of human settlement and development representing the 
interaction of physical, historical, social and economic factors. It is an 
important aspect of geographical studies where the progress of an area can 
be measured to a certain degree by the way in which its land is used and 
maintained. 
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North Bihar Plain, a part of great northern Indian Plain, is a 
fertile area of Bihar, where agriculture contributes about 45 per cent of 
the state's total economy. Here, agriculture plays a dominant role as it not 
only provides food to 43.333 million persons (According to 1991 Census), 
but also supplies raw materials to numerous agro-based industries. 
Agriculture being a dominant economic activity engaged about 80 per cent 
of the total working population directly or indirectly. 
Landuse Pattern 
The landuse pattern in North Bihar Plain present an interesting 
picture during the agricultural years from 1980-81 to 1999-2000. The 
agricultural development has led the changes in area under various landuse 
categories in the region. In order to follow the trend of progress, the study 
is canied on under following broad categories of landuse - (i) Barren and 
unculturable lands, (ii) Other lands not available for cultivation 
(Settlements, roads etc.), (iii) Forests, (iv) Culturable wastelands, (v) Land 
under pastures, (vi) Land under grooves, (vii) Total area available for 
cultivation, (viii) Land under fallow, (ix) Net sown area, (x) Area sown 
more than once, and (xi) Gross cropped area. The figures as well as 
percentage share relating to various landuse categories are given in Table 
2.4 for the years 1980-81, 1990-91 and 1999-2000. 
During 1980-81 the area available for cultivation was of about 74 
per cent to the total geographical area of North Bihar Plain, but only 64 
per cent area was undertaken for crop production, while about 10 per cent 
of the area was left under fallow. However, a declining trend in area 
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available for cultivation was found as 71.61 per cent in 1990-91 and 69.63 
per cent in 1999-2000 (Figure 2.7). The population pressure, construction 
of new settlements and industries are held responsible for the declination 
in the share of land available for cultivation. 
The barren and unculturable lands accounts for 5.02 per cent of 
the total area in 1980-81, but it has been decreased as 4.67 per cent in 
1990-91 and 4.57 per cent in 1999-2000. It is only due to growing 
population that the barren land have been undertaken either for cultivation 
or for the purpose of constructions. While, in the category of other lands 
not available for cultivation like land under settlements, roads, waterbodies 
etc, accounted for 13.23 per cent of the total area in North Bihar Plain 
during 1980-81, whereas, it was 17.09 per cent and 18.91 per cent in 
1990-91 and 1999-2000 respectively. The forests covered about 4 per cent 
area in 1980-81 to the total geographical area, while the land under 
grooves during 1980-81 was recorded with 2.28 per cent, kept an 
increasing trend through 3.38 per cent in 1990-91 and 3.73 per cent in 
1999-2000. A regular decline has been found in the category of land under 
pastures from 0.37 per cent in 1980-81 to 0.26 per cent in 1990-91 and 
0.22 per cent in 1999-2000. The modern technology, irrigation, HYV 
seeds and fertiliser has made possible for the pasture land to convert it 
into culturable land. The area under culturable wasteland has also been 
decreasing with 1.10 per cent, 0.60 per cent and 0.48 per cent during the 
years 1980-81, 1990-91 and 1999-2000 respectively as the culturable 
wastelands being reclaimed for agricultural purposes (Figure 2.7). 
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LAND UTILIZATION IN NORTH BIHAR PLAIN 
1999-2000 
• Barren and unculturable lands 
Q Other lands not available for cultivation 
B Forests 
Q Culturable wastelands 
• Land under pastures 
Q Land under grooves 
H Land under fallow 
H Net sown area 
F i g . 2 .7 
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The net sown area covered 41.37 lakh hectares, accounting for 
64.24 per cent in 1980-81, slightly decreased to 63.86 per cent in 1999-
2000. Increasing use of inigation, fertilizers, new varieties of seeds and 
machines with improved farm practices has made it possible to put more 
and more land under the category of area sown more than once in a single 
year. Such area increased from 26.66 per cent in 1980-81 to 29.53 per 
cent in 1999-2000, subsequently increasing the gross cropped area of the 
region (Figure 2.7). 
It is evident from the above discussion of the general landuse 
pattern that the region has witnessed an improvement in the agricultural 
situation. The everincreasing pressure of population in the region has 
forced the farmers to practice intensive cultivation through the use of 
modern inputs. Earlier the fanners use to leave their some cultivated land 
in the form of fallow land in order to maintain the fertility lost through its 
continuous use. But the availability of chemical fertilizers leave no ground 
for resorting to fallowing and so more area is now put under plough. 
90 
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The spatial and temporal variation in agricultural productivity is 
guided by a number of anthropegenic factors, which have directly or 
indirectly effect on agricultural productivity. To understand these factors 
it is imperative to go through their spatial distribution. There are various 
anthropogenic factors having their impact on agricultural productivity. 
However, lack of up-to-date data in the study region does not permit to 
take all the desired variables. So, the researcher has taken ten important 
variables amongst them. The study has been conducted for two points of 
time, i.e., 1981 and 1991 (Census Years). The variables included are — 
rural population to the total population, male population to the total 
population, main workers to the total population, marginal workers to the 
total population, cultivators to the total main workers, agricultural 
labourers to the total main workers, number of scheduled castes to the 
total population, number of scheduled tribes to the total population, 
number of literate persons to the total population and average number of 
family size. 
The maps for regional variations are summerized by classifying 
the districts into three categories of high, medium and low, on the basis of 
mean and standard deviation. 
RURAL POPULATION 
India is basically a rural country where about three-fourth of the 
population lives in villages. Hence, rurality is the spinal cord of the socio-
economic, political and cultural life of India - so is the case with North 
Bihar Plain. 
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Table 3.1 gives a spatial analysis of rural population in North 
Bihar Plain, which reveals that 92.48 per cent population lives in rural 
areas having a population of 34.58 million. The highest concentration of 
rural population is found in the district of Madhubani with 96.89 per cent 
of the total population, while the lowest is observed in Munger district 
(85.92 per cent). 
Figure 3.1 analyses that seven districts of the region, having high 
concentration of rural population with a value of above 94.20 are Siwan, 
Gopalganj, East Champaran, Sitamarhi, Samastipur,Madhubani and Saharsa. 
However, the medium concentration of rural population is mainly observed 
in the western half of the Plain, except the district of Purnia which lie in 
the north-eastern margin with the percentage value of between 91.20 and 
94.20. While, the southern and south-eastern fringe have low share of rural 
population covered in the four districts of the region (Begusarai, Munger, 
Bhagalpur and Katihar), with a percentage value of below 91.20. 
During 1991 there has been almost static scenario with a minor 
decrease of 0.03 per cent of rural population in the region. The district of 
Madhubani has maintained its position for highest concentration of rural 
population with 96.37 per cent of rurality — as it was in 1981. While, the 
district of Bhagalpur with 87.88 per cent of rural population has the lowest 
position in the Plain. 
The high concentration of rural populaton is scattered over the 
whole region, found in eight districts, having a percentage value of above 
93.59. The medium rurality is generally found in the eastern districts 
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TABLE 3.1 
Districtwise Distribution of Rural Population in North Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffarpur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Daibhanga 
12. Madhubani 
13. Saharsa 
14. Purnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Rural Population 
(in thousands) 
1981 
1915 
1701 
1294 
1828 
2313 
1845 
2167 
1555 
1302 
2029 
1832 
2253 
2785 
3309 
1294 
2849 
2314 
-
-
-
-
34,585 
1991 
2339 
2055 
1607 
2098 
2870 
2258 
2679 
2003 
1637 
2582 
2293 
2729 
2304 
1721 
1654 
-
2814 
1101 
928 
1509 
885 
40,066 
Percentage of Rural 
Population to the 
total Population 
1981 
91.87 
95.59 
95.01 
92.67 
95.35 
95.48 
91.92 
93.52 
89.42 
95.84 
91.22 
96.89 
94.28 
92.02 
90.58 
85.92 
88.28 
-
-
-
-
92.48 
1991 
90.89 
94.68 
94.32 
89.91 
94.30 
94.42 
90.69 
93.32 
90.21 
95.04 
91.30 
96.37 
93.06 
91.58 
90.60 
-
87.88 
93.48 
94.04 
93.65 
89.91 
92.45 
Source : - Census of India, 1981, Series 4, Part II A, General Population Tables. 
- Census of India 1991, Bihar State District Profile, 1991. 
Note: The 1991 Census incorporates 20 districts in North Bihar Plain. 
However, after the creation of district Khagaria, the district of Munger 
has not been included in the study area, as it lies south to the Ganga 
river. 
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NORTH BIHAR PLAIN 
Distribution of Rural Population 
1981 
INDEX VALUE 
HIGH ^ ^ ^ 1 >94.20 
MEDIUM l ^ ^ ^ p 91.20 to 94.20 
^ ^ ^ if^ssiis^ >91.20 25 0 25 50 75 I I I I I I 
Kilometres 
F i g . 3 . 1 
NORTH BIHAR PLAIN 
Distribution of Rural Population 
1991 
INDEX VALUE 
HIGH IfllllllWII > 93.59 
MEDIUM 
LOW 
25 0 25 50 75 
I I I I I I 
Kilometres 
F i g . 3 .2 
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(Saharsa, Madhepura and Purnia), while Vaishali district lying in southern 
fringe also come in this category with the percentage value ranging 
between 91.35 and 93.59. The low concentration of rural population has 
increased to cover eight districts, whereas it was four in 1981 - scattering 
over the whole region with a percentage value of below 91.35. Table 3.1 
analyses the spatial distribution of rural population while it has been 
mapped in Figure 3.2. 
MALE POPULATION 
It is a matter of fact that the spatial distribution of population is 
not uniform at anywhere on the earth. Moreover, the population 
distribution has continuously changed in space and time. As far as male 
population is concerned, it is economically the most productive group 
which supports the bulk of other population. 
North Bihar Plain has a male population of 19.14 million 
persons, contributing 51.19 per cent of the total population. The highest 
concentraiton of male population is found in the district of Bhagalpur with 
52.33 per cent of population, while the lowest with 48.32 per cent of male 
population is observed in Siwan district (Table 3.2). 
Figure 3.3 analyses that the high concentration of male 
population lie in two separate regions - one is located in the north-western 
part of the study area with the districts of West Champaran, East 
Champaran and Sitamarhi, while the another region occupy the eastern half 
of the Plain comprising of five districts. Four districts of the study area 
namely, Muzaffarpur, Begusarai, Samastipur and Darbhanga make a compact 
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TABLE 3.2 
Districtwise Distribution of Male Population in North Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffarpur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Darbhanga 
12. Madhubani 
13. Saharsa 
14. Purnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Male Population 
(in thousands) 
1981 
1032 
860 
679 
1032 
1260 
999 
1201 
834 
751 
1073 
1015 
1173 
1530 
1868 
741 
1723 
1372 
-
-
-
-
19,143 
1991 
1311 
1077 
866 
1243 
1616 
1271 
1552 
1117 
956 
1410 
1314 
1466 
1306 
987 
956 
-
1708 
625 
529 
845 
509 
22,664 
Percentage of Male 
Population to the 
total Population 
1981 
49.52 
48.32 
49.86 
52.32 
51.94 
51.72 
50.95 
50.14 
51.56 
50.71 
50.54 
50.45 
51.81 
51.95 
51.86 
51.97 
52.33 
-
-
-
-
51.19 
1991 
50.94 
49.59 
50.82 
53.26 
53.12 
53.13 
52.53 
52.07 
52.70 
51.91 
52.33 
51.76 
52.77 
52.54 
52.38 
-
53.32 
53.04 
53.55 
52.45 
51.72 
52.30 
Source : - Census of India, 1981, Series 4, Part II A, General Population Tables. 
- Census of India 1991, Bihar State District Profile, 1991. 
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region for medium concentration of male population with the indices 
ranging between 50.49 and 51.62. The south-western strip mostly cover 
the low concentiation areas with the inclusion of northern district of 
Madhubani with a percentage value of below 50.49. Figure 3.3 illustrates 
the spatial pattern of male population for the year 1981. 
During 1991, the male population rose to 22.67 million, with an 
increase of 1.11 per cent (during the year 1981-91), contributing to 52.30 
per cent of the total population in North Bihar Plain. Table 3.2 shows that 
the district of Khagaria records the highest concentration (53.55 per cent 
of male population) in the study area, while the district of Siwan has kept 
its position for the lowest concentration, as it was in 1981, with a share of 
49.59 per cent of male population to the total population. 
During this year, the districts of West Champaran, East 
Champaran and Sitamarhi make the region for high concentration of male 
population. However, the other districts which lie in this category are 
Madhepura, Khagaria, and Bhagalpur, with a percentage value of above 
52.79. An extensive area including ten districts comes under the domain 
of medium concentration of male population with the percentage value of 
between 51.80 and 52.79, The low area of male population covers the 
districts of Saran, Siwan and Gopalganj, while a new district of Kishanganj 
has come in this grade in 1991. Figure 3.4 depicts the spatial pattern of 
male population for the year 1991. 
MAIN WORKERS 
Work may be expressed as participation in any economically 
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productive activity. Such participation may be physical or mental in nature. 
It involves not only actual work but also effective supervision and 
direction of work. Census of India defines the 'Main Worker' as a person 
who has worked for a major part of the year preceding the date of 
enumeraton, i.e., one who was engaged in any economically productive 
activity for 183 days or more, i.e., six months or more, in the previous 
year. 
Table 3.3 depicts that the North Bihar Plain has a population of 
10.96 million of main workers (1981), accounting 29.32 per cent of the 
total population of the region. The highest number of main workers is 
recorded in the district of Purnia with a population of 1.2 million, while 
the lowest is observed in Gopalganj district with a population of 0.35 
million of main workers. 
In the year 1981, the high concentration of main workers is found 
in two contrasting margins one in the north-western comer, having the 
distiict of West Champaran, while the another in eastern part of the study 
area with the districts of Saharsa, Purnia and Katihar, having a percentage 
value of above 30.55. An extensive area is covered under the medium 
concentration of main workers, found in nine districts of the Plain, with a 
value ranging between 27.14 and 30.55. However, a compact area of low 
concentration of main workers is formed by four districts (Gopalganj, 
Siwan, Saran and Vaishali) of the study area having a percentage value of 
below 27.14. The spatial pattern of main workers is shown in Figure 3.5. 
In 1991 there has been an increase in the population of main 
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workers accounting 12.69 million. The maximum number of main workers 
is found in the district of Saharsa with a population of 0.84 million 
persons, while the newly created district of Kishanganj has the minimum 
population of main workers, with a population of 0.31 million persons 
(Table 3.3). 
The high areas of main workers aie mainly observed in the eastern 
half of the study area, except in the district of West Champaran which lie 
in the north-western corner, comprising of seven districts having a 
percentage value of above 31.67. The medium areas of main workers 
occupy in the central part of the region, observed in eight districts with 
the percentage value of between 27.82 and 31.67. However, the south-
western strip consisting of five districts (Saran, Siwan, Gopalganj, Vaishali 
and Samastipur) of the Plain comes under the domain of low area of main 
workers - as they were in 1981. Figure 3.6 shows the spatial pattern of 
main workers during the year 1991. 
MARGINAL WORKERS 
The marginal worker may be explained as a person who has done 
some work in the year preceding the date of enumeration but does not 
qualify to be called a 'main worker', i.e., period of work is less than 183 
days (Census of India). The proportion of marginal workers to the total 
population in North Bihar Plain has a meagure figure of 1.63 per cent, 
however it shares a significant role in the study area. 
Table 3.4 analyses that the North Bihar Plain have a population of 
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TABLE 3.3 
Districtwise Distribution of Main Workers in North Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffaipur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Daibhanga 
12. Madhubani 
13. Saharsa 
14. Pmnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Population of Main 
Workers 
1981 
486,291 
410,471 
353,134 
648,389 
734,424 
560,681 
663,677 
419,623 
411,086 
584,818 
550,319 
656,016 
101,68,29 
12,31,895 
469,034 
989,740 
777,062 
-
-
-
-
10963489 
1991 
606,607 
499,441 
440,398 
772,050 
904,738 
684,030 
823,341 
540,062 
504,817 
730,001 
700,250 
839,179 
843,520 
657,511 
584,916 
-
970,369 
424,133 
303,995 
545,116 
313,116 
12687590 
Percentage of Main 
Workers to the total 
Population 
1981 
23.33 
23.07 
25.93 
32.87 
30.28 
29.02 
28.15 
25.24 
28.23 
27.63 
27.40 
28.21 
34.42 
34.26 
32.83 
29.85 
29.64 
-
-
-
-
29.32 
1991 
23.58 
23.01 
25.84 
33.08 
29.73 
28.60 
27.87 
25.17 
27.82 
26.82 
27.89 
29.63 
34.08 
34.99 
32.04 
-
30.30 
36.01 
30.79 
33.82 
31.82 
29.28 
Source : - Census of India, 1981, Series 4, Part III A & B(i). 
- Census of India 1991, Bihar State District Profile, 1991. 
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TABLE 3.4 
Districtwise Distribution of Marginal Workers in North 
Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffaipur 
8. Vaishali 
9. Begusarai 
lO.Samastipur 
11. Darbhanga 
12.Madhubani 
13. Sahaisa 
14.Purnia 
IS.Katihar 
16.Munger 
n.Bhagalpur 
IS.Madhepura 
19.Khagaria 
20.Araiia 
21.Kishanganj 
Vorth Bihar Plain 
Population of 
Marginal Workers 
1981 
22,468 
23,5S0 
10,979 
33,711 
24,461 
12,186 
38,431 
16,306 
16,162 
28,075 
30,220 
37,705 
112,150 
48,603 
21,845 
73,121 
60,791 
-
-
-
-
610794 
1991 
16,930 
19,457 
12,556 
43,453 
34,290 
30,512 
31,660 
8,163 
7,431 
33,344 
40,134 
81,074 
84,334 
26,767 
30,452 
-
79,173 
19,618 
18,993 
20,714 
11,443 
650498 
Percentage of Marginal 
Workers to the total 
Population 
1981 
1.08 
1.33 
0.81 
1.71 
1.01 
0.63 
1.63 
0.98 
1.11 
1.33 
1.50 
1.62 
3.80 
1.35 
1.53 
2.21 
2.32 
-
-
-
-
1.63 
1991 
0.66 
0.90 
0.74 
1.86 
1.13 
1.28 
1.07 
0.38 
0.41 
1.23 
1.60 
2.86 
3.41 
1.42 
1.67 
-
2.47 
1.67 
1.92 
1.29 
1.16 
1.50 
Source : - Census of India, 1981, Series 4, Part III A &, B(i). 
- Census of India 1991, Bihar State District Profile, 1991. 
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6,10,794 persons of marginal workers in 1981. The highest number of 
marginal workers recorded in Saharsa district is 1,12,150 persons, while 
the district of Gopalganj occupies the lowest position with a population of 
10,979 persons. 
Figure 3.7 analyses that a linear stretch, consisting of six 
districts in a east-west direction comes in the domain of high 
concentration of marginal workers having a percentage value of above 
1.89. An equal number of districts have medium areas of marginal workers 
scattered over the whole region with the indices ranging between 1.53 and 
1.89.However, the western part of the study area has low concentration of 
marginal workers found in five districts namely, Saran, Gopalganj, East 
Champaran, Sitamarhi and Vaishali with a value of below 1.53. 
Table 3.4 evidences that there has been a minor increase of 
marginal workers of 39,704 persons between 1981 and 1991. The total 
number of marginal workers went on to 0.65 million persons in 1991. The 
district of Saharsa has maintained its position with having the maximum 
number of marginal workers 0.08 million in 1991, accounting 3.41 per 
cent to the total population in the district. The minimum number of 
marginal workers is observed in Begusarai, having a population of 7431 
persons in 1991. 
The high concentration of marginal workers includes five 
districts (West Champaran, Madhubani, Saharsa, Khagaria and Bhagalpur) 
having a value of above 1.85. An extensive area consisting often districts 
has medium concentration of the population of marginal workers with the 
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percentage value ranging between 1.07 and 1.85. However, the southern 
stretch of the Plain comes in the category of low concentration of 
marginal workers recorded in the districts of Gopalganj, Siwan, Saran, 
Vaishali and Begusarai. A spatial distribution of marginal workers for the 
year 1991, has been mapped in Figure 3.8. 
CULTIVATORS 
The Census of India defines the cultivator as a person engaged as 
employer, single worker or family worker in cultivation of crops on land 
owned or held from government or private persons or institutions for 
payment in money, kind or share. Cultivation includes supervision or 
direction of cultivation. 
The North Bihar Plain has a population of 4.56 million persons 
of cultivators, acounting 41.61 per cent population to the main workers 
(1981). The highest number of cultivators is observed in Pumia district 
having a population of 0.45 million, while the Begusarai has lowest 
position having a population of 135,115 persons in 1981. Districtwise 
distribution of cultivartors in North Bihar Plain has been shown in 
Table 3.5. 
Figure 3.9 depicts that the high concentration of cultivators is 
occupied by three districts of the region. They are Gopalganj, Siwan and 
Vaishali with a value of 63.49 per cent, 61.90 per cent and 49.23 per cent 
respectively to the total main workers. Eight districts of the central part 
of the study area come in the category of medium concentration of 
cultivators, spreading over the region with the indices ranging between 
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TABLE 3.5 
Districtwise Distribution of Cultivators in North Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffarpuv 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Daibhanga 
12. Madhubani 
13. Saharsa 
14. Purnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Population of 
Cultivators 
1981 
260,695 
254,085 
224,196 
235,592 
313,756 
221,468 
264,747 
206,561 
135,115 
235,849 
204,541 
277,474 
415,252 
446,808 
159,773 
406,742 
299,604 
-
-
-
-
4562258 
1991 
305,644 
291,657 
259,101 
266,957 
364,999 
265,089 
327,421 
254,638 
171,455 
292,477 
266,869 
372,262 
378,237 
231,395 
208,990 
-
380,641 
180,759 
109,038 
207,103 
124,587 
5259319 
Percentage of 
Cultivators to the total 
Main Workers 
1981 
53.61 
61.90 
63.49 
36.33 
42.72 
39.50 
39.89 
49.23 
32.87 
40.33 
37.17 
42.30 
40.84 
36.27 
34.06 
41.10 
38.56 
-
-
-
-
41.61 
1991 
50.39 
58.40 
58.83 
34.58 
40.34 
38.75 
39.77 
47.15 
33.96 
40.07 
38.11 
44.36 
44.84 
35.19 
35.73 
-
39.23 
42.62 
35.87 
37.99 
39.79 
41.45 
Source : - Census of India, 1981, Series 4, Part III A& B(i). 
- Census of India 1991, Bihar State District Profile, 1991. 
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38.46 and 47.44. However, remaining six districts of the Plain have low 
concentration of cultivators to the total main workers, having percentage 
value of below 38.46. 
During 1991, there has been an increase of 697,061 persons of 
cultivators. Bhagalpur occupied the highest concentration of cultivators 
with a population of 0.38 million, while its adjacent district of Khagaria 
has remained in the lowest position with a population of 0.11 million of 
cultivators (Table 3.5). 
The high areas of cultivators for the year 1991 have almost the 
same as observed in 1981, having a minor change with the induction of 
Saran district. Figure 3.10 shows that the medium concentration of 
cultivators is found scattered over the whole region, comprising of nine 
districts of the North Bihar Plain with the indices ranging between 38.38 
and 45.42. Seven districts of the study area come in the domain of low 
concentration of the population of cultivators having a percentage value of 
below 38.38. 
AGRICULTURAL LABOURERS 
According to Census of India, a person who works in another 
person's land for wages in cash, kind or share crop is regarded as an 
agricultural labourer. Such a person has no risk in cultivation but merely 
works in another person's land for wages and has no right of lease or 
contract on the land on which he/she works. 
North Bihar Plain has a total population of 4.74 million of 
I l l 
agricultural labourers in 1981, contributing to 43.31 per cent population 
to the main workers. The maximum number of agricultural labourers is 
occupied by the district of Saharsa with a population of 0.49 million, while 
Gopalganj district has the lowest share of its population of 0.09 million of 
agricultural labourers. Table 3.6 gives the districtwise distribution of 
agricultural labourers in North Bihar Plain. 
Almost all the districts of northern stretch, except the district of 
Begusarai, which lie in the southern tip, have the high concentration of 
agricultural labourer with a percentage value of above 45.91. Figure 3.11 
analyses that the central part of the study area comprising of five districts, 
namely, Muzaffarpur, Samastipur, Darbhanga, Munger and Bhagalpur comes 
in the categoiy of medium concentraton with the percentage value of 
between 36.82 and 45.91. However, south-western part of the Plain makes 
a compact shape having low concentration of population of agricultural 
labourer with the districts of Gopalganj, Siwan, Saran and Vaishali. 
Table 3.6 revelas that there has been a tremendous increase of 
agricultural labourers with a population of 0.96 million during 1981-1991. 
The population of agricultural labourers went on to 5.71 million in 1991 
from 4.74 million in 1981, contributing to 45.02 per cent to the total main 
workers. The maximum number of agricultural labourers has been found in 
the district of East Champaran, while Siwan district, has the minimum 
number of agricultural labourer during the said period. 
There are two patches consisting of high concentration of 
agricultural labourers - one is found in the western comer with the 
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TABLE 3.6 
Districtwise Distribution of Agricultural Labourers in North 
Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffaipur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Daibhanga 
12. Madhubani 
13. Saharsa 
14. Purnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
Vorth Bihar Plain 
Population of 
Agricultural 
Labourers 
1981 
135,478 
92,359 
91,705 
334,140 
337,405 
273,685 
272,533 
143,689 
194,898 
247,565 
245,306 
303,211 
492,102 
632,552 
232,037 
397,676 
321,860 
-
-
-
-
4748201 
1991 
189,518 
126,363 
131,970 
421,377 
449,791 
334,192 
347,436 
196,670 
234,893 
311,146 
318,591 
370,731 
387,128 
358,571 
294,943 
-
423,324 
211,029 
157,807 
289,237 
157,193 
5711910 
Percentage of 
Agricultural Labourers 
to the total Main 
Workers 
1981 
27.86 
22.51 
25.97 
51.53 
45.94 
48.81 
41.06 
34.24 
47.41 
42.33 
44.58 
46:22 
48.40 
51.35 
49.47 
40.18 
41.42 
-
-
-
-
43.31 
1991 
31.20 
25.30 
30.00 
54.60 
49.70 
48.90 
42.20 
36.40 
46.50 
42.60 
45.50 
44.20 
45.90 
54.50 
50.40 
-
43.60 
49.80 
51.90 
53.10 
50.20 
45.02 
Source : - Census of India, 1981, Series 4, Part III A & B(i). 
- Census of India 1991, Bihar State District Profile, 1991. 
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districts of East Champaran and West Champaran, while the another patch 
is covered by the eastern half of the study area, comprising of six districts 
having the percentage value of above 48.97. An equal number of districts 
come in the category of medium concentration of agricultural labourers, 
spreading over the region with the percentage value ranging between 40.68 
and 48.97. However, once again the south-west corner of the Plain 
comprising of the districts of Gopalganj, Siwan, Saran and Vaishali has kept 
their position through having the low concentration of agricultural 
labourers as they were in the previous study period. The spatial pattern of 
agricultural labourers has been mapped in Figure 3.12 
SCHEDULED CASTES 
The position of the scheduled castes has a bearing on the social 
structure of the "caste society", that is, division of Hindu society, into 
caste groups. Ritual pollution and purity based on birth in a particular caste 
group is considered the basis of high and low caste ranks. The value of 
pollution - purity prevades all aspects of social life including food, cloth, 
metals, occupations, etc. 
The Indian social system is inconceivable without caste which 
influences all the aspects of life (Mohammad, 1992). The scheduled castes 
(SC) are specified in accordance with Article 341 of the constitution. 
Article 341(1) : The President may with respect to any state, and where it 
is a state specified in Part-A or Part-B of the First Scheduled, after 
consultation with the Governor or Rajpramukh thereof, by public 
notification, specify the castes, races or tribes or parts of or groups within 
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castes, races or tribes which shall for the purposes of this constitution be 
deemed to be scheduled castes in relation to that state (Census of India). 
Article 341(2) : Parliament by law include in or exclude from the list of 
Scheduled Castes specified in a notificaiton issued under clause (1) any 
caste, race or tribe or part of or group within any caste, race or tribe, but 
save as aforesaid a notification issued under the said clause shall not be 
varied by any subsequent notification (Census of India). 
The state of Bihar includes 23 scheduled castes (1981). North 
Bihar Plain has a population of 5.16 million of scheduled castes, 
accounting 13.79 per cent to the total population in 1981. The highest 
concentration of scheduled castes population is found in the district of 
Munger with a population of 0.52 million, covering about 16 per cent of 
the population of the district. The minimum population of scheduled castes 
is observed in Katihar district with a population of 0.13 million, 
accounting to about 9 per cent to the total population in 1981 (Table 3.7). 
The high grade of scheduled castes population in North Bihar 
Plain comprising of five districts (Muzaffarpur, Vaishali, Samastipur, 
Saharsa and Munger) with the percentage value of above 15.09 is located 
in the central part of the region. The medium concentration of scheduled 
castes is observed in the districts of West Champaran, East Champaran, 
Begusarai, Darbhanga and Madhubani. However, the low concentration of 
scheduled castes population is found in two parts - the eastern part 
consisting of Purnia, Katihar and Bhagalpur and the western portion 
including the districts of Sitamarhi, Saran, Siwan and Gopalganj. 
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TABLE 3.7 
Districtwise Distribution of Scheduled Caste in North Bihar Plain 
Name of the 
Districts 
1. Saian 
2. Si wan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffarpur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Darbhanga 
12. Madhubani 
13. Saharsa 
14. Purnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Population of 
Scheduled 
Castes 
1981 
234,628 
192,948 
165,012 
290,812 
321,076 
239,805 
368,176 
322,322 
206,587 
373,677 
293,215 
298,036 
473,400 
437,110 
130,466 
523,324 
287,953 
-
-
-
-
5158550 
1991 
301,306 
241,867 
208,382 
335,249 
397,714 
289,834 
464,362 
425,898 
263,116 
489,985 
365,542 
361,687 
383,149 
234,478 
160,046 
-
333,453 
192,443 
143,026 
220,148 
65,157 
5876842 
Percentage of Scheduled 1 
Castes to the total 
Population 
1981 
11.26 
10.85 
12.11 
14.74 
13.24 
12.41 
15.62 
19.39 
14.19 
17.65 
14.60 
12.81 
16.03 
12.16 
9.13 
15.78 
10.98 
-
-
-
-
13.79 
1991 
11.71 
11.14 
12.23 
14.37 
13.07 
12.12 
15.72 
19.85 
14.50 
18.03 
14.56 
12.77 
15.48 
12.48 
8.77 
-
10.41 
16.34 
14.49 
13.66 
6.62 
13.56 
Source:- Census of India, 1981, Series 4, Part IX (i) Special Tables for 
Scheduled Castes. 
- Census of India 1991, Bihar State District Profile, 1991. 
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Figure 3.13 depicts the spatial distribution of scheduled castes population 
in North Bihar Plain. 
Table 3.7 illustrates that there has been an increase of 0.72 
million of scheduled castes during the year 1981-91. The total population 
of Scheduled castes rose to 5.88 million in 1991 whereas, it was 5.16 
million in 1981, contributing to 13.56 per cent of the total population in 
North Bihar Plain in 1991. 
There is a single stretch of high concentration of scheduled 
castes population, comprising of five districts, located in the central 
portion of the region. An extensive area, consisting of ten districts has 
medium concentration of scheduled castes population scattering over the 
region. Figure 3.14 shows that there are two patches which have low 
concentration of scheduled castes population in the region - the south-
western portion comprising the districts of Siwan and Saran, and the 
eastern part making an arch with the districts of Kishanganj, Katihar and 
Bhagalpur. 
SCHEDULED TRIBES 
The word tribe in Indian context, however, conveys a sense of 
meaning which evades clarity. Generally, it refers to a state of tribalism 
which is ethnic (ethnically defined) as well as political revealing their 
definitional status as scheduled tribes (Ahmad, 1999). 
G.S. Ghuiye (1963) defined "the scheduled tribes are neither 
called the 'Aborigines' nor the 'Adivasis', nor are they treated as a 
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category by themselves. By and large they are treated togather with 
scheduled castes and further envisaged as one group of the backward 
classes". 
The Scheduled Tribes (ST) are specified in accordance with 
Article 342 of the constitution. Article 342(1) : The President may with 
respect to any state, and where it is a state specified in Part-A or Part-B of 
the First Schedule, after consultation with the Governor or Rajpramukh 
thereof, by public notification, specify the tribes or tribal communities or 
parts of groups within tribes or tribal communities which shall for the 
purposes of this constitution be deemed to be Scheduled Tribes in relation 
to that state (Census of India). 
Article 342(2): Parliament by law include in or exclude from the list of 
Scheduled Tribes specified in a notification issued under clause (1) any 
tribe or tribal community or part of or group within any tribe or tribal 
community but save as aforesaid notification issued under the said clause 
shall not be varried by any subsequent notification (Census of India). 
The state of Bihar includes 30 scheduled tribes (1981). North 
Bihar Plain has comparatively low share of scheduled tribes population due 
to the region consisting of plain areas. In 1981, the study area has a 
scheduled tribes population of 0.43 million, which accounts to 1.14 per 
cent of the total population of the Plain. Table 3.8 shows that the maximum 
concentration of scheduled tribes population is found in the district of 
Pumia with a population of 0.11 million in 1981, while the minimum 
population of scheduled tribes is observed in Darbhanga district with 84 
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TABLE 3.8 
Districtwise Distribution of Scheduled Tribes in North Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffarpur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Darbhanga 
12. Madhubani 
13. Saharsa 
14. Purnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Population of 
Scheduled 
Tribes 
1981 
8,667 
12,029 
9,651 
26,815 
1,157 
156 
648 
871 
303 
285 
84 
614 
11,704 
113,340 
87,791 
60,851 
92,107 
-
-
-
-
427073 
1991 
3,231 
12,650 
19,167 
31,104 
1,278 
394 
1,156 
1408 
902 
542 
259 
.597 
7,359 
82,145 
101,792 
-
110,735 
8,321 
35 
20,819 
34,830 
438724 
Percentage of Scheduled 
Tribes to the total 
Population 
1981 
0.42 
0.68 
0.71 
1.36 
0.05 
0.01 
0.03 
0.05 
0.02 
0.01 
0.01 
0.03 
0.04 
3.15 
6.15 
1.84 
3.15 
-
-
-
-
1.14 
1991 
0.13 
0.58 
1.12 
1.33 
0.04 
0.02 
0.04 
0.07 
0.05 
0.02 
0.01 
0.02 
0.30 
4.37 
5.58 
-
3.46 
0.71 
0.01 
1.29 
3.54 
1.01 
Source : - Census of India, 1981, Series 4, Part 
Scheduled Tribes. 
IX (iii) Special Tables for 
- Census of India 1991, Bihar State District Profile, 1991. 
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persons for the same year. 
There are only three districts (Purnia, Katihar and Bhagalpur) 
located in the far eastern fringe of the study area (attached to the state of 
West Bengal), which have the high concentration of scheduled tribes 
population, with the percentage value of above 1.94. The medium 
concentration of scheduled tribes population is divided into two parts -
one is located in the western part with the districts of West Champaran, 
Gopalganj, Siwan and Saran, while the districts of Saharsa and Munger 
make the another part (attached in the vicinity of high areas of scheduled 
tribes population) having the percentage value of between 0.23 and 1.94. 
However, the low concentration of scheduled tribes population is found in 
eight districts of the study area spreading over the entire reigon with a 
value of below 0.23. Figure 3.15 analyses the spatial pattern of scheduled 
tribes population in the Plain. 
Table 3.8 shows that the population of scheduled tribes has 
increased 0.01 million during 1980-81. As far as the maximum 
concentration of scheduled tribes population for the year 1991 is 
concerned, it has been occupied by Bhagalpur district with a population of 
0.11 million. However, the minimum concentration of scheduled tribes 
population in the region has been recorded in the newly created district of 
Khagaria with a population of 35 persons during the said period. 
The high areas of scheduled tribes population in 1991 have been 
found in the eastern part of the study area attached to the state of West 
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Bengal, as they were in 1981. The districts included in high grade are 
Bhagalpur, Purnia, Katihar and Kishanganj having the percentage value of 
above 1.98. The medium concentration of scheduled tribes population is 
found divided into two regions - one is located in the western comer with 
the districts of West Champaran, Gopalganj and Siwan whereas, the another 
one is attached to the high areas of eastern portion of the study area of the 
districts of Saharsa, Madhepura and Araria with the percentage vlaue of 
between 0.29 and 1.98. The Figure 3.16 depicts that an extensive areas of 
low concentration of scheduled tribes population comprising of ten 
districts are scattered over the region with the pecentage value of 
belowO.29. 
LITERACY 
Literacy, as defined in census, as the capability of any person 
being able to read or write in any language, was found essential to be 
included in educational indicators. Literacy forms the foundation or basis 
on which the edifice of other educational achievement rests. It is one of 
the basic and rudimentary socio-economic attributes of measuring the 
advancement or backwardness of society or a single group. 
Literacy has been selected as one of the indicators to measure 
the agricultural development because new ideas and techniques are 
frequently adopted by educated farmers, which lead towards the progress 
of agriculture. The rate of adoption of new ideas and practices are higher 
among the literate farmers than their illiterate counterparts. 
1 2 4 
The state of Bihar stands in the lowest step of literacy rate in 
India. So North Bihar Plain is not far to this grim situation. North Bihar 
Plain has a population of 8.59 million persons of literates, with an average 
of 22.95 per cent of literate persons in 1981. The highest literacy rate is 
recorded in the district of Munger with 0.88 million persons, while 
Gopalganj district has lowest position with 0.29 million persons of 
literates in the Plain (Table 3.9). 
The high concentration of literate persons is accorded in the 
sourthern districts of the study area, including Saran, Vaishali, Samastipur, 
Begusarai, Munger and Bhagalpur having the percentage value of above 
24.53. Four districts of medium grade in literacy (Siwan, Muzaffarpur, 
Darbhanga and Madhubani), make a compact shape in the western half of 
the region with the percentage value ranging between 21.50 and 24.53. 
Figure 3.17 analyses that the remaining six districts spreading in the 
region come in the domain of low literacy rates with the percentage value 
of below 21.50. 
Table 3.9 illustrates that there has been an increase of 2.81 
million persons of literates (3.35 per cent) during 1981-91. The total 
number of literates went on to 11.40 million in 1991 with 26.30 per cent 
of average literate persons in the study area. In 1991, the highest 
population of literate persons is recorded in the district of Bhagalpur 
(0.98 million persons having an average of 30.82 per cent). Whereas 
Kishanganj has the lowest position with a population of 0.17 million 
persons having an average of 17.48 per cent of literacy rate in the Plain. 
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TABLE 3.9 
Districtwise Distribution of Literate Persons in North Bihar Plain 
Name of the 
Districts 
1. Saian 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffaipur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Daibhanga 
12. Madhubani 
13. Saharsa 
14. Pmnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Total Number of 
Literate Persons 
(in thousand) 
1981 
569 
422 
291 
371 
469 
378 
572 
425 
380 
526 
481 
506 
599 
693 
300 
884 
720 
-
-
-
-
8,586 
1991 
845 
666 
470 
519 
664 
537 
852 
686 
531 
780 
698 
753 
568 
421 
409 
-
987 
258 
252 
330 
172 
11,398 
Percentage of Literate 
Persons to the total 
Population 
1981 
27.28 
23.71 
21.37 
18.79 
19.33 
19.57 
24.26 
25.56 
26.07 
24.86 
23.94 
21.75 
20.26 
19.27 
21.03 
26.66 
27.48 
-
-
-
-
22.95 
1991 
32.84 
30.68 
27.58 
22.24 
21.82 
22.46 
28.84 
31.97 
29.26 
28.71 
27.80 
26.59 
22.95 
22.41 
22.41 
-
30.82 
21.90 
25.53 
20.47 
17.48 
26.30 
Source : - Census of India, 1981, Series 4, Part 11 A, General Population Tables. 
- Census of India 1991, Bihar State District Profile, 1991. 
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Figure 3.18 depicts the spatial pattern of literacy for the year 
1991. An area of high literacy rates has been observed in the southern half 
of the study area concentrated in nine districts having a percentage value 
of above 27.30. However, only two districts (Madhubani & Khagaria) have 
medium concentration of literate persons with the percentage value of 
between 23.14 and 27.30. As contrast to the high concentration of literate 
populations, the area of low literacy rates is observed in the northern half 
of the study area comprising of nine districts having an index value of 
below 23.14. 
SIZE OF FAMILY 
The family may be defined as a group of persons who commonly 
lie togather and take food from a common kitchen unless exigencises of 
work prevented any of them from doing so. A household may contain 
persons related to each other, unrelated persons or both (Census of India). 
However, literacy plays a vital role upon the population upsurge. It has 
been observed that innovative farmer has higher standard of living due to 
small size of family and vise-versa. 
Table 3.10 shows that North Bihar Plain has 6.25 million of 
households with the average family size of 5.98 persons in the study 
region (1981). The district of Si wan has the highest average number of 
family size with 7.06 persons, while the lowest average number of family 
size is accorded in Purnia with 5.56 persons during the said period. 
The high concentration of average family size is observed in the 
south-western corner of the study area with the districts of Gopalganj, 
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TABLE 3.10 
Districtwise Distribution of Family Size in North Bihar Plain 
Name of the 
Districts 
1. Saran 
2. Siwan 
3. Gopalganj 
4. West Champaran 
5. East Champaran 
6. Sitamarhi 
7. Muzaffarpur 
8. Vaishali 
9. Begusarai 
10. Samastipur 
11. Daibhanga 
12. Madhubani 
13. Saharsa 
14. Purnia 
15. Katihar 
16. Munger 
17. Bhagalpur 
18. Madhepura 
19. Khagaria 
20. Araria 
21. Kishanganj 
North Bihar Plain 
Total Number of 
Households 
1981 
322,972 
251,863 
205,484 
326,671 
401,258 
340,063 
389,830 
262,224 
246,614 
371,558 
345,303 
411,485 
492,743 
646,871 
252,817 
552,873 
436,146 
-
-
-
-
62,56,775 
1991 
360,470 
296,235 
240,460 
378,124 
481,599 
413,463 
483,406 
317,383 
302,250 
455,029 
429,865 
500,589 
429,595 
346,442 
330,071 
-
526,471 
203,026 
176,114 
294,104 
189,829 
71,54,459 
Average Number 
of Family Size 
(in persons) 
1981 
6.45 
7.06 
6.63 
6.04 
6.04 
5.68 
6.05 
6.34 
5.91 
5.70 
5.82 
5.65 
5.99 
5.56 
5.65 
6.00 
5.99 
-
-
-
-
5.98 
1991 
7.14 
7.33 
7.09 
6.17 
6.32 
5.78 
6.11 
6.76 
6.00 
5.97 
5.88 
5.66 
5.76 
5.42 
5.83 
-
6.08 
5.80 
5.61 
5.48 
5.18 
6.06 
Source : - Census of India, 1981, Series 4, Part Vlll A & B(i), Household Tables. 
- Census of India 1991, Bihar State District Profile, 1991. 
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Siwan, Saran and Vaishali having the index value of above 6.11. Figure 3.19 
analyses that seven districts come in the category of medium size of 
family, scattering over the whole region with the index value ranging 
between 5.84 and 6.11. However, remaining six districts of the study area 
come in the domain of low family size having an index value of below 
5.84. 
In the year 1991, there has been an increase of 0.89 million of 
households, while the average number of family size went on to 6.06 
persons in North Bihar Plain. The total number of household has reached 
to 7.15 million in 1991. Table 3.10 shows the districtwise distribution of 
average family size in North Bihar Plain. The district of Siwan has kept its 
position by maintaining the highest number of average family size. In 
1991, Siwan has an average family size of 7.33 persons, while Kishanganj 
has the lowest size of family with 5.18 persons in the same year. 
The South-western corner of the Plain occupies the high 
concentration of average size of family, comprising of the districts of 
Gopalganj, Siwan, Saran and Vaishali, as they were in 1981, having an 
index value of above 6.35. An extensive area consisting often districts, 
comes in the category of medium size of family, spreading over the region 
with the index value of between 5.75 and 6.35 (Figure 3.20). However, the 
eastern half of the study area comprising of six districts comes in the 
domain of low size of family, having an index value of below 5.75. 
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The pattern of agricultural productivity of any country determines 
the level of agricultural development, magnitude of standard of living, 
economic condition or economic stability. Agricultural productivity is 
generally used to express the productivity of agriculture in a particular 
region to produce crops with regard to its natural and without man induced 
fertility. 
Agricultural productivity may be explained as the ratio of the 
index of total agricultural output to the index of total input used in farm 
production. Productivity can be increased without increasing production 
by employing less inputs for the same production level. But it is 
commonly agreed that productivity is the ability of a production system to 
produce more economically and efficiently. Therefore, agricultural 
productivity can be defined as a measure of efficiency with which an 
agricultural production system employs land, labour and capital. These 
three are the best known partial productivity measures. 'Land' is viewed as 
area with different natural attributes. It realizes different rents and varies 
in purchase price. 'Labour' represents all human services other than 
decision making and 'capital' the non-labour resources employed by the 
farmer. 
The measurement of agricultural productivity is a very 
complicated phenomenon because it varies from region to region, country 
to countiy with time and space. There is no generalised method through 
which one can easily measure the agricultural productivity. The 
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measurement and evaluation of agricultural productivity forms a basis for 
improving productivity at various levels. The agricultural productivity can 
be interpreted in various ways and senses. Geographers and Economists to 
define and elaborate the concept of agricultural productivity have made 
many attempts. Many scholars introduced different techniques or methods 
to compute agricultural productivity. Some of the important approaches 
are Buck (1937), Ganguly (1938). Kendall (1939), Stamp (1958), Agarwal 
(1965), Khusro (1965), Saran (1965), Tambad (1965), Bhatia (1967), 
Shafi (1972), Bhalla (1978), and Subbiah and Ahmad (1980). 
It may however, be noted from all the studies that the common 
aim of all the works is to find ways for increasing productivity either 
through the application of higher degree of modern inputs or through 
changing the method of production. Maximum production from land can 
be achieved with the available inputs of land measures that can fulfil the 
pressing demand of the day. 
As there are many different concepts of productivity so, there 
are still more ways to compute it. The researcher has attempted to measure 
the productivity by Yang's method of productivity index. Yang (1965) 
calculated the yield of all crops in a farm and compared it with the average 
crop yield of the entire region. Later on, a value in percentage is obtained 
by dividing the yield per hectare of a crop in the particular farm by the 
average yield of the crop in the entire region. 
The productivity indices have been calculated as the statistical 
technique formulated by Yang, for a time span of 20 years form 1979-80 
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to 1999-2000. The time interval is quinquennial (5 years) - 1980-81, 
1985-86, 1990-91, 1995-96 and 1999-2000. The moving average method 
taken for three successive years at different point intervals has been 
worked out; as for the year 1980-81 three year's data (1979-80, 1980-81 
and 1981-82) have been averaged. However, in the last interval, due to 
unavailability of latest data, the moving average for two successive years 
instead of three years viz., 1998-99 and 1999-2000 have been taken. For 
calculating agricultural productivity, sixteen major crops have been 
considered. They have been grouped into four categories, viz., Cereals -
rice {Oryza sativa), wheat (Triticum), maize {Zea mays), barley 
{Hordeum velgare); Pulses - gram {Cicer arietinum), lentil (Lens 
esculanta), pigeonpea (Cajanus cajan), peas {Pisum species), khesari 
{Lathyrus sativus); Cashcrops - sugarcane (Saccharum officinarum), 
potatoes {Solanum tuberosum), jute {Corchorus capsularis); Oilseeds -
mustard and rapeseed {Brassica campestris Juncea; Brassica campesths 
toria), sesamum (Sesamum indicum), linseed (Linum usitatissimum), 
sunflower (Helianthum annus). The data have been collected from Annual 
Season and Crop Reports, Bihar Through Figures and Official records of 
the Directorate of Statistics and Evaluation, Government of Bihar, Patna. 
Every care has been taken to ensure the accuracy and reliability of the 
statistical information obtained. 
Yang's crop yield index method represents the yield of different 
crops selected in a district compared with the average crop yield in the 
entire region. The procedure for calculating the crop index for Gopalganj 
district is explained here in Table 4.1. The average yield of each of the 
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crops grown in the entire region should be determined. Later on a value in 
percentage is obtained by dividing the yield per hectarage of a crop in the 
particular district by the average yield of the crop in the entire region. 
This value gives the index number as shown in col. 5 of Table 4.1. By 
considering the area devoted to each crop as a weight and multiplying this 
percentage index, the product are obtained as listed in col. 6 of Table 4.1. 
By adding the products and dividing the sum of the products by the total 
cropped area in the particular unit (the sum of col. 4), the average index 
obtained is the desired crop index for that particular district using crop 
area as weight. The computed values of productivity indices are given in 
Appendix - B to F. 
TABLE 4.1 
Method of calculating crop yield Index for Gopalganj District 
Crops 
1 
Rice 
Wheat 
Maize 
Barley 
Total 
Yield in Quintals 
per hectare 
Average yield 
in the entire 
region 
2 
12.74 
19.60 
22.42 
7.51 
-
Yield in the 
district 
3 
13.38 
30.95 
21.97 
5.38 
-
Area under 
Crop in the 
distria 
(in hectare) 
4 
104238 
84147 
20250 
14 
208649 
Crop Yield in 
the district as 
a percentage of 
the entire region 
col.3 
XlOO 
col.2 
5 
105.02 
157.91 
97.99 
71.64 
-
Percaitage 
multiplied by 
area in hectare 
(col.5Xcol.4) 
6 
10947074.76 
13287652.77 
1984297.50 
1002.96 
26220027.99 
Note : Crop Index for the Gopalganj district 
26220027.99 
= 125.67 
208649 
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PRODUCTIVITY REGIONS (1979-82) 
On the basis of productivity indices, all the districts of North 
Bihar Plain have been grouped into three categories (high, medium and 
low) for cereals, pulses, cash crops and oilseeds as shown in Table 4.2. 
Cereals, the most significant crops have very important position 
in the agriculture of North Bihar Plain. They occupy 4141 (OOO's) hectares 
of cultivated area, which account for 70.71 per cent of the total cropped 
area. The districtwise distribution of productivity indices shows that the 
highest index value is occupied by Samastipur (123.48), whereas the 
Vaishali having the lowest index value of 79.05 in North Bihar Plain. Only 
three districts namely, East Champaran, West Champaran and Samastipur 
come under the category of high productivity areas, while a scattered 
patches of medium productivity region lie over the whole region with the 
indices ranging between 95-110. However, the low productivity areas are 
found in the central and eastern part of the region having seven districts. 
Productivity regions for cereals have been shown in Figure 4.1, while the 
Figure 4.6 depicts the districtwise variation in productivity indices. 
Pulses cover 352 (OOO's) hectares of cultivated area, contributing 
to about 6 per cent of total cropped area. The high productivity areas are 
mainly observed in the western portion, except one district i.e., Pumia, 
which lie in the eastern fringe of the Plain. The medium productivity areas 
are scattered over the whole region, with the indices ranging between 85 
and 100. The low productivity region is restricted to four districts viz., 
Sitamarhi, Darbhanga, Madhubani and Munger. The Figure 4.2 shows the 
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productivity regions of pulses. The highest productivity index value is 
recorded in the district of East Champaran, while the lowest is observed in 
Sitamarhi (Figure 4.6). 
TABLE 4.2 
Number of Districts under different Productivity Regions with 
their Indices (1979-82) 
Category 
High 
Medium 
Low 
Cereals 
Indices 
Above 
110 
Between 
95-110 
Below 
95 
No. of 
districts 
3 
7 
7 
Pulses 
Indices 
Above 
100 
Between 
85-100 
Below 
85 
No. of 
districts 
6 
7 
4 
Cash crops 
Indices 
Above 
110 
Between 
100-110 
Below 
100 
No. of 
districts 
4 
11 
2 
Oilseeds 
Indices 
Above 
95 
Between 
80-95 
Below 
80 
No. of 
districts 
4 
8 
5 
Cash crops form the third most important group of crops 
cultivated in the study area. They spread over 319 (OOO's) hectares of 
cultivated area, contributing to 5.44 per cent of total cropped area. The 
district of Gopalganj occupies the highest index value of 156.02, whereas, 
the lowest is recorded in West Champaran having an index value of 86.86 
(Figure 4.6). The high productivity areas are spreading in four districts, 
with the index values of above 110. There are extensive areas of medium 
productivity region spreading in eleven districts with the indices ranging 
between 100 and 110. Only two districts (West Champaran and Saran), 
occupying the western part of the study area make the low agricultural 
productivity region having the indices of below 100. The productivity 
regions for cash crops have been mapped in Figure 4.3. 
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Oilseeds, the last group of crops considered in the study, have an 
important position in North Bihar Plain. They occupy 112 (OOO's) hectares 
of cultivated area, accounting for about 2 per cent of total cropped area. 
The highest index value is found in Begusarai and the lowest is noticed in 
Sitamarhi for oilseeds. The high productivity areas of oilseeds make a 
compact and continuous belt with the indices above 95, found in four 
districts of the Plain. The medium productivity areas are found scattered 
over the whole region with the indices of between 80 and 95. However, the 
two patches make their way in low agricultural productivity region - one is 
found in the north-eastern fringe of the study area with the districts of 
Saharsa, Pumia and Katihar, while the districts of Vaishali and Sitamarhi 
accounts another low productivity region. The productivity regions for 
oilseeds are shown in Figure 4.4. 
To determine overall pattern of agricultural productivity during 
1979-82, a composite index has been prepared after calculating the 
agricultural productivity for each group of crops, considered in study in 
North Bihar Plain. The values of overall agricultural productivity of each 
districts are given in Table 4.3. 
TABLE 4.3 
Composite Index 
Category 
High 
Medium 
Low 
Crop Index 
Above 110 
Between 95-110 
Below 95 
No. of Districts 
5 
7 
5 
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An analysis of agricultural productivity based on composite index 
reveals the existence of high productivity areas scattered mainly in 
western margin found in five districts of the Plain. The medium 
productivity areas form two separate regions observed in western and 
south-eastern fringe of the study area with the indices ranging between 95 
and 110, while the central part of the study area is occupied by low 
agricultural productivity region having the indices of below 95, captured 
by five districts of North Bihar Plain. The spatial pattern of agricultural 
productivity for composite index is shown in Figrue 4.5. The district of 
East Champaran has the maximum index value (125.08), whereas, the 
district of Madhubani having the lowest index value of 79.74 in North 
Bihar Plain (Figure 4.6). 
PRODUCTIVITY REGIONS (1984-87) 
The first quinquennial have been taken during 1984-87. The 
agricultural productivity indices computed for different crops and 
categories are shown in Table 4.4. 
Cereals, the most important crops grown in North Bihar Plain, 
occupy 4162 (OOO's) hectares of cultivated area, contributing to about 76 
per cent of the total cropped area of the region. The Figure 4.12 shows 
that the maximum index value is noticed in the district of Munger 
(118.16), whereas, the lowest is observed in Darbhanga (81.91). The high 
productivity areas for cereals are associated mainly in western and 
southern districts of the study area. However, the medium productivity 
areas with the indices ranging between 85 and 100 are found in seven 
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districts scattering all over the region. The districts of Darbhanga, 
Begusarai, Pumia and Katihar come in the domain of low productivity 
region having the indices of below 85. The productivity regions have been 
mapped in Figure 4.7. 
PiUses, the second important crop studied under review cover 
307 (OOO's) hectares of cultivated area accounting for 5.57 per cent of the 
total cropped area. High productivity areas for pulses lie mainly in the 
western and north-western corner of the region, except the district of 
Samastipur, which is located in the central part of the study area. An 
indices of above 110 have been observed in this region. There are 
extensive areas of medium productivity, spreading over 8 districts having 
the indices ranging between 90 and 100. However, a small area of low 
productivity region is found with the indices of below 90. The productivity 
regions for pulses have been shown in Figure 4.8. 
TABLE 4.4 
Number of Districts under different Productivity Regions with 
their indices (1984-87) 
Category 
High 
Medium 
Low 
Cereals 
Indices 
Above 
100 
Between 
85-100 
Below 
85 
No. of 
districts 
6 
7 
4 
Pulses 
Indices 
Above 
110 
Between 
90-110 
Below 
90 
No. of 
districts 
5 
8 
4 
Cash crops 
Indices 
Above 
105 
Between 
85-105 
Below 
85 
No. of 
districts 
6 
7 
4 
Oilseeds 
Indices 
Above 
105 
Between 
90-105 
Below 
90 
No. of 
districts 
5 
8 
4 
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Cash crops which constitute the crops as sugarcane, potato and 
jute - occupy 337 (OOO's) hectares of cropped area, contribute to 6.12 per 
cent of gross cropped area of the Plain. Figure 4.9 classifies the different 
productivity regions in North Bihar Plain. The high Productivity areas 
mainly lie in western half of the Plain. The index values ranging between 
85 and 105 have been categorised under medium productivity region, 
scattering in seven districts of the Plain. However, the low productivity 
areas of cash crops are found mainly in the south-eastern part, except the 
district of Saran, which lie between the high and medium productivity areas 
of cash crops. The highest index for cash crops is recorded in the district 
of Samastipur with a value of 152.50, whereas, the lowest is found in the 
district of Bhagalpur having an index value of 61.61 (Figure 4.12). 
Oilseeds occupy 112 (OOO's) hectares of cropped area, 
contributing to about 2 per cent of total cropped area of North Bihar Plain. 
Five districts constitute the high agricultural productivity region 
concentrating mainly in central and western portion of the study area. An 
extensive area is covered under medium productivity region with the 
indices ranging between 90 and 105, scattering in the whole Plain. The low 
agricultural productivity region is found in the vicinity of high and medium 
agricultural productivity regions. The spatial pattern of agricultural 
productivity is shown in Figure 4.10 and the crop indices are graphed in 
Figure 4.12. 
An overall pattern of agricultural productivity (Composite Index) 
during 1984-87 has been computed for all the crops studied in the region, 
as given in Table 4.5. However, the classified agricultural productivity 
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region is shown in Figure 4.11. The spatial distribution of productivity 
indices reveals that the district of Samastipur has the maximum index value 
of 126.43, whereas the lowest is recorded in the district of Katihar with 
an index value of 81.07 (Figure 4.12). 
TABLE 4.5 
Composite Index 
Category 
High 
Medium 
Low 
Crop Index 
Above 105 
Between 90-105 
Below 90 
No. of Districts 
5 
7 
5 
The two areas of high productivity lie separately from each other 
- one in the extreme western part (Siwan, West Champaran and East 
Champaran), while the another patch in the central part of the study area 
(Samastipur and Begusarai). The medium productivity areas are found 
scattered in seven districts of North Bihar Plain with the indices ranging 
between 90 and 105. The low agricultural productivity area form a long 
belt including five districts along the eastern half of the study area, having 
the index value of below 90. 
PRODUCTIVITY REGIONS (1989-92) 
During this period, four new districts have been created, whereas, 
after the creation of Khagaria district, the district of Munger has not been 
included in the study area as it lies south to River Ganga. After computing 
the agricultural productivity of all the districts of North Bihar Plain, the 
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productivity indices for all crops have been categorised and shown in 
Table 4.6. 
Cereals, the most significant crops in the agriculture of North 
Bihar Plain, occupy 4027 (OOO's) hectares of cultivated area, which 
account for 73.64 per cent of the total cropped area. The highest index 
value (128.65) has been observed in the district of West Champaran, 
whereas, the lowest is found in Araria (80.66). The high productivity 
region for cereals are mainly associated in a long stretch lying along the 
western margin of the study area. Besides, the district of Begusarai also 
comes under the domain of high agricultural productivity region. Figure 
4.13 depicts that the larger areas are found under medium agricultural 
productivity region with the indices ranging between 90 and 110, covering 
9 districts of the study area. However, there are two areas of low 
agricultural productivity region lying separately from each other - one in 
the extreme eastern part, while the other in the central part of the study 
area, with the index value of below 90. 
Pulses occupy 283 (OOO's) hectares of cultivated area accounting 
for 5.18 per cent of total cropped area in North Bihar Plain. Figure 4.14 
analyses that high agricultural productivity region is captured by 7 districts 
of the study area, scattering over the whole region, with the index value of 
above 110. A compact area of medium agricultural productivity for pulses 
is found in the western districts of the study area, with the indices ranging 
between 90 and 110. The eastern and northern part of the Plain have been 
occupied by the low agricultural productivity region distributed over 8 
districts. The productivity indices for pulses are shown in Figure 4.18, 
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which depicts that the district of Katihar having the highest index value of 
163.67, whereas, the lowest index value is found in Vaishali (51.42). 
TABLE 4.6 
Number of Districts under different Productivity Regions with 
their Indices (1989-92). 
Category 
Highv 
Medium 
Low 
Cereals 
Indices 
Above 
110 
Between 
90-110 
Below 
90 
No. of 
districts 
5 
9 
6 
Pulses 
Indices 
Above 
110 
Between 
90-110 
Below 
90 
No. of 
districts 
7 
5 
8 
Cash crops 
Indices 
Above 
115 
Between 
100-115 
Below 
100 
No. of 
districts 
5 
11 
4 
Oilseeds 
Indices 
Above 
100 
Between 
85-100 
Below 
85 
No. of 
districts 
6 
8 
6 
Cash crops form the third important group of corps after cereals 
and pulses, cultivated in the study area. They are found spreading over in 
353 (OOO's) hectares of cultivated area (6.46 per cent of total cropped 
area). The highest index value for cash crops is recorded in Gopalganj 
(142.08). However, the lowest is noticed in Khagaria having the index 
value of 58.42 (Figure 4.18). The high productivity areas for cash crops 
are mainly concentrated in the western and middle part of the study area, 
with the index value of above 115. An extensive area, stretching over the 
whole region with 11 districts comes in the category of medium 
productivity region with the indices ranging between 100 and 115. 
However, only four districts come in the domain of low productivity 
region, concentrated mainly in south-eastern districts of the study area 
(Figure 4.15). 
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Oilseeds occupy 111 (OOO's) hectares of cropped area 
constituting 2.03 per cent of the cultivated area. Figure 4.16 shows that a 
continuous belt of high productivity areas are concerned mainly in the 
central portion of the study area upto the district of Bhagalpur. The 
concentration of medium productivity of oilseeds are found in 8 districts 
of the Plain, scattering over the whole region with the indices ranging 
between 85 and 100. However, there are two areas of low productivity 
region lying separately from each other on the two extremities - one in 
eastern and the other patch in western part of the study area, having the 
index value of below 85. The highest index value is occupied by Khagaria, 
whereas. West Champaran having the lowest value. 
The composite index has been prepared for determining the 
overall pattern of agricultural productivity during 1989-92 as shown in 
Table 4.7. The spatial variation of crop indices shows that the district of 
Begusarai having the highest index value of 129.65, while the lowest is 
found in Vaishali having an index value of 82.57 (Figure 4.18) 
TABLE 4.7 
Composite Index 
Category 
High 
Medium 
Low 
Crop Index 
Above 110 
Between 90-110 
Below 90 
No. of Districts 
7 
7 
6 
The high agricultural productivity areas are divided into two 
separate regions - one region is found in a long stretch along the western 
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margin of the study area, while the southern districts form the other region 
with the index value of above 110. The northern and eastern stretch are 
confined to medium productivity region with the index value of ranging 
between 90 and 110. However, the low productivity areas are found in the 
vicinity of high and medium agricultural productivity regions. The 
productivity region depicting composite index is shown in Figure 4.17. 
PRODUCTIVITY REGIONS (1994-97) 
This is the third quinquennial study taken after 1989-92. The 
agricultural productivity indices for different crops, computed during this 
period have been shown in Table 4.8. 
Cereals, the most influencing crop grown in North Bihar Plain, 
occupy 3885 (OOO's) hectares of cultivated area, accounting for 71.40 per 
cent of the total cropped area. Figure 4.24 shows that the district of East 
Champaran occupy the highest index value (165.45), while Begusarai has 
the lowest position with the index value of 73.79. As for as the high 
agricultural productivity regions are concerned, they lie mainly in the 
western fringe of the Plain, while Madhepura district represents the 
eastern part of the study area. The medium productivity areas comprise 
seven districts with the index value ranging between 90 and 110. However, 
the low agricultural productivity areas are concentrated in two different 
regions - one patch lie in the central part, whereas, the other is found in 
the north-eastern part of the study area. The agricultural productivity 
regions for cereals are shown in Figure 4.19. 
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Pulses occupy 158 (OOO's) hectares of cropped area, contributing 
to about 3 per cent of total cropped area. Figure 4.20 analyses that a 
continuous belt of high productivity region for pulses is stretching from 
the western margin to the south-eastern fringe comprising of seven 
districts of the study area. A comparatively larger area is confined by the 
medium agricultural productivity region, with the productivity indices 
ranging between 90 and 110. However, the low agricultural productivity 
areas are confined in a smaller patch with four districts in a single stretch 
located in the north-eastern margin of the Plain with the index value of 
below 90. The highest index value is recorded in Siwan (135.67), whereas, 
the lowest is found in Madhepura (69.57). 
TABLE 4.8 
Number of Districts under different Productivity Regions with 
their Indices (1994-97) 
Category 
High 
Medium 
Low 
Cereals 
Indices 
Above 
110 
Between 
90-110 
Below 
90 
No. of 
districts 
6 
7 
7 
Pulses 
Indices 
Above 
110 
Between 
90-110 
Below 
90 
No. of 
districts 
7 
9 
4 
Cash crops 
Indices 
Above 
120 
Between 
90-120 
Below 
90 
No. of 
districts 
9 
7 
4 
Oilseeds 
Indices 
Above 
105 
Between 
90-105 
Below 
90 
No. of 
districts 
6 
8 
6 
Cash crops spread over 338 (OOO's) hectares of cultivated area, 
accounting for 7.13 per cent of total cropped area. The spatial pattern of 
productivity indices analyse that the highest index value is observed in the 
district of Bhagalpur having an index value of 143.80, whereas, the lowest 
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is being found in Vaishali with the index value of 78.04 (Figure 4.24). An 
extensive area comes under the category of high agricultural productivity 
region for cash crops lying in two different areas - one in the western 
margin of the Plain, while the other constitutes a compact region in the 
central districts of the Plain. The medium agricultural productivity areas 
are generally found in the vicinity of high productivity areas with the 
productivity indices ranging between 90 and 120. Two separate areas are 
captured by low agricultural productivity region. The districts of Saran and 
Vaishali form one belt, while the districts of Saharsa and Madhepura make 
the another region for low productivity areas of cash crops. Figure 4.21 
represents the productivity region. 
Oilseeds make the last group of crops, occupying 113 (OOO's) 
hectares of cultivated area, accounting for 2.08 per cent of total cropped 
area in North Bihar Plain. The high productivity areas are generally found 
in the central part of the study area with six districts. The medium 
productivity areas are observed in two separate regions one region lies 
along the Gandak river in the western margin of the Plain, while the cential 
and eastern part of the study area make the another region for medium 
productivity having the indices of between 90 and 105. However, the 
remaining districts of eastern margin come in the domain of low 
productivity region, except two districts (Sitamarhi and West Champaran) 
which lie in its western counterpart. Figure 4.22 shows spatial variation in 
the productivity regions for oilseeds. 
The composite index describing an overall pattern of agricultural 
productivity during 1994-97 has been calculated for all crops in North 
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Bihar Plain (Table 4.9). The Figure 4.24 depicts that the highest index 
value is occupied by Samastipur (126.58), while the lowest is observed in 
Saharsha having an index value of 83.48. 
TABLE 4.9 
Composite Index 
Category 
High 
Medium 
Lx)w 
Crop Index 
Above 110 
Between 95-110 
Below 95 
No. of Districts 
9 
8 
3 
The high productivity region covers an extensive area and is 
separated between two regions - one runs from north to south direction as 
a compact unit in the western margin, while the most southern districts 
make the other region. The medium productivity regions with the indices 
ranging between 95 and 110, are found scattered over the whole region. 
However, only three districts (Saharsa, Araria and Kishanganj) located in 
the north-eastern corner of the Plain, come in the domain of low 
productivity region. The agricultural productivity regions are shown in 
Figure 4.23. 
PRODUCTIVITY REGIONS (1999-2000) 
During the last quinquennial period, two successive years viz., 
1998-99 and 1999-2000, have been taken for moving average (instead of 
three years) due to non-availability of required current data. The 
agricultural productivity for each group of crops studied under review, 
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have been calculated as shown in Table 4.10. 
Cereals, accounting the most significant crop occupy 4047 
(OOO's) hectares of cultivated area, contributing for 74.75 per cent of total 
cropped area in North Bihar Plain. The highest index value for cereals is 
noticed in the district of Pumia, whereas Begusarai having the lowest index 
value of 63.40 (Figure 4.30). The high productivity areas lie in the districts 
along the River Gandak in the western margin of the study area, while the 
districts of Purnia and Katihar represent the eastern margin as high 
agricultural productivity region. The central part of the study area which 
form a compact unit comprising of seven districts, come under the 
category of medium productivity region with the productivity indices 
ranging between 80 and 100. The low productivity regions are confined to 
the central and southern part of the study area, except the districts of 
Araria and Kishanganj. The spatial analysis of productivity regions has 
been mapped in Figure 4.25. 
Pulses, account the second most significant crop after cereals, in 
the study area. They occupy 141 (OOO's) hectares of cultivated area, 
covering 2.60 per cent of total cropped area. The districts bordering the 
southern margin are associated with high agricultural productivity region, 
except Araria district which is detached form the main region. The medium 
productivity region with the indices ranging between 90 and 110 is found 
scattered in eight districts of the Plain. The low productivity areas are 
mainly confined to the northern strip of the study area (Figure 4.26). 
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TABLE 4.10 
Number of Districts under different Productivity Regions with 
their indices (1999-2000) 
Category 
High 
Medium 
Low 
Cereals 
Indices 
Above 
100 
Between 
80-100 
Below 
80 
No. of 
districts 
7 
7 
6 
Pulses 
Indices 
Above 
110 
Between 
90-110 
Below 
90 
No. of 
districts 
6 
8 
6 
Cash crops 
Indices 
Above 
105 
Between 
90-105 
Below 
90 
No. of 
districts 
7 
8 
5 
Oilseeds 
Indices 
Above 
100 
Between 
85-100 
Below 
85 
No. of 
districts 
7 
9 
4 
Cash crops, occupy 333 (GOO's) hectares of cultivated area, 
accounting 6.15 per cent of total cropped area. Two separate areas of high 
productivity region are observed, of which one long belt are stretching 
from north to south, while other area comprising of the districts of Purnia 
and Katihar come in high productivity region with the index value of above 
105. The medium productivity region lies in the vicinity of high as well as 
low productivity regions, with the productivity indices ranging between 90 
and 105. Two patches, comprising of five districts come in the domain of 
low agricultural productivity region. Figure 4.27 depicts the productivity 
regions for cash crops. 
Oilseeds, studied under review have a significant position in the 
agriculture of North Bihar Plain, occupying 112 (OOO's) hectares of 
cultivated area and covering about 2 per cent of total cropped area. The 
district of Khagaria has the highest index value of 141.27, whereas, the 
lowest index value is recorded in Madhepura (70.23) for oilseeds. Figure 
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4.28 analyses that high productivity region forms a compact unit, which 
runs from western to the south-eastern comer of the study area. The 
medium productivity areas are found scattered over the whole region from 
western to eastern boundary with the productivity indices ranging between 
85 and 100. However, a single stretch of low productivity region is 
confined to the eastern pocket of the Plain, observed in four districts of 
the study area. 
The composite index of agricultural productivity has been 
prepared after computing the agricultural productivity of each group of 
crops considered in the study area (Table 4,11). Figure 4,30 depicts the 
spatial distribution of productivity indices. It analyses that the district of 
Purnia having the highest index value of 121.77, whereas, the district of 
Madhepura having the lowest index value of 61.81 in North Bihar Plain. 
TABLE 4.11 
Composite Index 
Category 
High 
Medium 
Low 
Crop Index 
Above 100 
Between 80-100 
Below 80 
No, of Districts 
10 
7 
3 
An extensive area of high productivity region is found in a long 
belt starting from the north-west comer to the eastem part, spreading in 
ten districts of the Plain. The medium agricultural productivity region is 
scattering over the whole region with an indices of ranging between 80 and 
100, observed in seven districts of the Plain. Only three districts come in 
the domain of low productivity areas, located mainly in the eastern part of 
' • • ' . V 
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the study area. Figure 4.29 shows the spatial pattern of agricultural 
productivity. 
AGRICULTURAL PRODUCTIVITY : PATTERN OF AREAL 
CHANGE BETWEEN 1979-80 AND 1999-2000 
After going through the spatial analysis of agricultural 
productivity in North Bihar Plain, the researcher has attempted to analyse 
the areal change in agricultural productivity for all the crops studied in 
North Bihar Plain from 1979-80 to 1999-2000. Table 4.12 incorporates 
the change in hectarage and percentage under different crops, while it has 
been graphed in Figure 4.31 A. 
Cereals - the most significant group of crops grown in the Plain 
have a minor decrease of 74 (OOO's) hectares during the said period. It was 
4141 (OOO's) hectares in 1999-2000 (Figure 4.31) However, the areal 
change in terms of percentage has maintained an increasing trend and so 
there is an areal increase of 4.41 per cent. The hectarage under the barley 
crop has almost been declined during the period. The other crops in 
cereals make an increasing trend. So, the overall change in percentage is 
maintained. 
TABLE 4.12 
Areal Change of Agricultural Productivity in North Bihar Plain 
from 1979-80 to 1999-2000 
Category 
Cereals 
Pulses 
Cash crops 
Oilseeds 
Change in Area 
(OOO's hectare) 
-74 
-266 
11 
-2 
Change in 
Percentage 
4.41 
4.37 
0.65 
0.13 
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Pulses constitute the main vegetable protein have seen a 
tremendous decrease of 266 (OOO's) hectares between the last two decades 
(1979-80 to 1999-2000). The pulses occupied 395 (OOO's) hectares in 
1979-80, which went off to 129 (OOO's) hectares in 1999-2000. While, 
the areal change with respect to its percentage has increased 4.37 per cent 
during the period. It has been observed that there is a trend of downfall in 
hectarage of pulses. The improved pulses technology in the region is 
almost negligible and the farmers grow pulses as a mixed crop. 
As compared to cereals and pulses, the study of cash crops reveal 
a different story. Cash crops have maintained an increasing trend with 11 
(OOO's) hectares of increase during the said period. It occupied 322 
(OOO's) hectares in 1979-80, which went on to 333 (OOO's) hectares in 
1999-2000. An increase of 0.65 per cent has been recorded during the last 
two decades. 
Oilseeds have an important position in the agriculture of North 
Bihar plain. It covered 119 (OOO's) hectares in 1979-80 which decreased 
to 117 (OOO's) hectares. However, the areal change with regard to its 
percentage have maintained an increasing trend with 0.13 per cent during 
the period (Figure 4.3 IB). 
60 
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The existing position of agricultural development in North Bihar 
Plain has been assessed by three ways - Firstly, taking correlation 
coefficient matrix measuring the relationship between a set of individuals. 
Secondly, an attempt has been made to determine the precise impact of 
various indicators of agricultural productivity through Factor Analysis and 
thereby indicating the actual development of agriculture during the period 
from 1981 to 1991, Thirdly, the actual levels of agricultural development 
is highlighted as obtained through the application of a Composite Index of 
anthropogenic factors. For this purpose the researcher has selected ten 
important variables, are shown in Table 5.1. 
CORRELATION MATRIX 
Identification of the causal relatioship among the different 
charactreristics of any study is an essential concern of a scientific 
investigation. A causal relationship between the two characteristics exists 
only when one of them may logically be considered as the cause of the 
other. The degree of relationship between the variables under 
consideration is measured through the correlation analysis. The 
measurement of correlation is called the correlation coefficient or 
correlation index/matrix summerizes in one figure the direction and degree 
of correlation. The correlation analysis refers to the techniques used in 
measuring the closeness of the relationship between the variables. Thus 
correlation is a statistical device which helps us in analysing the 
covariation of two or more variables. The correlation determines that -
whether a relationship exists; whether it is significant; and whether there 
is any cause and effect relationship. 
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TABLE 5.1 
Variables of Determinants of Agricultural Productivity in North 
Bihar Plain 
Variable Definition 
Xj Percentage of rural population to the total 
population 
Xj Percentage of male population to the total 
population 
X3 Percentage of main workers to the total population 
X^ Percentage of marginal workers to the total 
population 
Xg Percentage of cultivators to the total main workers. 
Xg Percentage of agricultural labourers to the total 
main workers 
X7 Percentage of scheduled caste population to the 
total population 
Xg Percentage of scheduled tribe population to the 
total population 
X5 Percentage of literate persons to the total 
population 
XjQ Average number of family size to the total 
households. 
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The interrelationship between important variables analysed are 
brought out by the correlation matrix. For this purpose, district has been 
taken as a unit of study for the years 1981 and 1991. 
Interrelationship Among Independent Variables, 1981 
An attempt has been made to study the coefficient of correlation 
in the seventeen districts of North Bihar Plain for the year 1981 through 
correlation matrix (Table 5.2). 
The rural population is moderately correlated with cultivators 
(0.40), while it is less significantly correlated with scheduled castes 
(0.07) and family size (0.14). Rest of the variables are negatively 
correlated with rural population. The male population is strongly 
correlated with main workers (0.85) as well as with agricultural labourers 
(0.82). The marginal workers (0.35) and scheduled tribes (0.40) are 
averagely correlated with male population, whereas, scheduled castes 
(0.60) are less significant correlated to the male population. The 
remaining variables have negative correlation. The main workers are 
positively correlated with marginal workers (0.52), however they have 
effectively high correlation with agricultural labourers (0.85), whereas, 
scheduled tribes (0.48) have moderate correlation with main workers and 
remaining variables are negatively correlated with main workers. None of 
the variables have any significant correlation with marginal workers. 
However, they are less significantly correlated with agricultural labourers 
(0.28), scheduled castes (0.14) and scheduled tribes (0.18). The other 
variables have negative correlation with marginal workers. The cultivators 
181 
< 
ON 
o 
c 
OX) 
o 
a. 
o 
c 
V3 
z 
.2 
;^ 
c 
o 
>^< 
03 
e 
o 
O 
u 
X 
>^ 
X 
X 
X 
>r 
X 
o 
o 
o 
o 
o 
1—1 
O -"t 
O ir» 
o >/^  
O vo 
O (S 
1 
o 
o 
o 
o 
o 
—' 
00 
• * 
vo 
>r> 
^ 
d 
o 
o 
«n 
ON 
•—I 
d 
1 
o 
o 
o 
o 
o 
—' 
ON 
ON 
1—H 
U^ 
<n 
d 
00 
• * 
o 00 
ro 
d 
ON 
t~-
VO 
m 
o 
d 
o 
o 
o 
o 
o 
—' 
r-
00 
fn 
m (N 
d 
1 
as 
^ 
•^ (N 
NO 
d 
00 
o NO 
»-M 
oo 
d 
1 
• * 
t-
oo 
ON 
(^  
d 
o 
o 
o 
o 
o 
'-' 
ON 
in 
tt 
o ON 
d 
1 
ro 
1-H 
• * 
vO 
fO 
d 
00 
<s 
<s iT) 
00 
d 
fo 
-el-
c-» 
» — 1 
00 
d 
(^ 
«n 
00 
O 
cs d 
1 
o 
o 
o 
o 
o 
lO 
m 
• ^ 
•«a-
o 
d 
o 
00 
o ts 
o d 
1 
TT 
O N 
00 
t^ 
O 
d 
1 
NO 
m (N 
r^  
o d 
1 
r-~ 
00 
•^ 
C>l 
ts 
d 
00 
00 
ON 
r^ 
m 
d 
o 
o 
o 
o 
o 
1 — < 
00 
CI 
NO 
d 
1 
r-
•<r 
o (N 
f^ 
d 
m 
vo 
CO 
oo 
(S 
d 
1 
•<4-
W-) 
lO 
CS 
1^^ 
d 
w-i 
«n 
o f^ 
rt 
d 
<N 
m 
00 
>o 
o 
d 
ro 
«n O 
cs 
>o d 
1 
o 
o 
o 
o 
o 
in 
ro 
d 
1 
(S 
vo 
O N 
r~ 
o 
d 
o 
CNJ 
00 
IT) 
*o 
d 
1 
• * 
CN 
CN 
00 
c<^  
d 
00 
vo 
<N 
r^ 
'—' d 
1 
t-
o 
«o 
t^ 
vo 
d 
1 
^j-
cs ON 
00 
r^  
d 
r--
ON 
r<^  
00 
O 
d 
1 
o 
o 
o 
o 
o 
00 
00 
m 
d 
m 
in 
m 
00 
fO 
d 
m 
00 
NO 
d 
• ^ 
o 
m 
r-
00 
d 
1 
m 
m 
ON 
ON 
r-
d 
NO 
m 
n NO 
"^  d 
1 
O N 
VO 
1 — < 
m 
t-d 
1 
<s 
""^  
o (S 
NO 
d 
1 
m 
tS 
<s 
• ^ 
d 
x" >^  x" X X X X 
182 
have strongly high correlation with family size (0.87), however they are 
less sigificantly correlated with literacy. The remaining variables have 
insignificant effect on cultivators. Agricultural labourers are moderately 
correlated with scheduled tribes (0.26), while scheduled castes (0.09) have 
less significant correlation with agricultural labourers. Rest of the 
variables are negatively correlated with agricultural labourers. Scheduled 
castes have less significant correlation with literacy (0.15), while 
scheduled tribes and family size are negatively correlated. Scheduled 
tribes have not any significant correlation with the other variables, while 
literacy is moderately correlated with family size (0.26). 
Interrelationship Among Independent Variables, 1991 
In 1991, the study of coefficient of correlation has been 
performed with the help of ten variables covering twenty districts in North 
Bihar Plain. Table 5.3 depicts the inter-correlation among the variables. 
The rural population has moderate correlation with cultivators 
(0.39) and scheduled castes (0.33), while it has less significant correlation 
with marginal workers (0.03). The other variables are negatively correlated 
with rural population. The male population is effectively correlated with 
main workers (0.65) and agricultural labourers (0.81). However, it is 
moderately correlated with marginal workers (0.38), while scheduled 
castes and scheduled tribes have less significant correlation. The 
remaining variables are negatively correlated. The main workers are 
significantly correlated with marginal workers (0.55) and agricultural 
labourers (0.85), while scheduled tribes (0.43) are averagely correlated 
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with main workers. The rest of the variables have negative correlation. The 
marginal workers have moderate correlation with agricultural labourers 
(0.36), while scheduled tribes (0.12) have insignificant correlation with 
the marginal workers. The other variables are negatively correlated.The 
cultivators have strong correlation with family size (0.79), whereas, 
literacy (0.38) has moderate correlation with cultivators. The remaining 
variables have negative impact on cultivators. Agricultural labourers are 
moderately correlated with scheduled tribes (0.32), while other variables 
are negatively corrleated with agricultural labourers. Scheduled castes 
have less significant correlation with literacy (0.07) and family size 
(0.16), whereas, the rest of the variables are negatively correlated. 
Scheduled tribes have negative correlation with all variables, however 
literacy has strong correlation with family size (0.58). 
FACTOR ANALYSIS 
Factor analysis is considered to be a sound technique, having 
ability to reduce a large data set down to a smaller number of factors. This 
replacement process may be undertaken for a variety of reasons, although 
at least three main ones can be identified. First, there is an aim to produce 
new combinations of the original data, which may then be used as new 
variables in some further analysis. Second, the number of variables under 
investigation may be reduced. Third, it may be used for exploratory 
purposes, in an attempt to detect and identify groups of interrelated 
variables. 
At the outset it should be stressed that the term factor analysis 
does not refer to a single technique, but covers a variety of approaches. 
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Initially, one may recognize three main stages in the application of factor 
analysis. In the first stage most factor analyses require product-moment 
correlation coefficients as basic inputs. At this level the alternatives are 
between using information measring conelations among different variables 
for a group of observations, or taking a matrix of correlation coefficients 
measuring the relationship between a set of individuals. The second major 
stage is to explore the possibilities of data reduction by constructing a 
new set of variables based on the interrelationships in the correlation 
matrix. The final stage in which variations are possible is the search for 
interpretable factors. In this search, to define the underlying dimensions 
of a data set, a number of solutions are available, which may involve 
manipulating or rotating the factors (Shaw, 1985). 
Thus, factor analysis is helpful in assessing the role of various 
indicators in the agricultural development of a region because due to this, 
the independent variables can adequately be described by smaller set of 
factors. These factors are infact some linear combinations of original 
variables and between the factors, the variations are more than those 
present in the factors themselves. The procedure of factor analysis 
attempts to estimate the values of regression coefficients where the 
original variables are regressed on the factors. These coefficients of 
regression are termed as factor loadings. The factor loadings can be 
further processed by factor rotations which give a set of new factor 
loadings for better explanation. 
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Many authors like Shevky & Bell (1955), Kaiser (1958), Ahmad 
(1965), Harman (1967), Joshi (1972), Cattell (1978), Johnson (1982), 
Knox (1982), etc. have used this method in their studies. 
Any factor analysis model, when applied to a specific problem, 
can be broken down into a series of operational steps. These start with: (1) 
the original data matrix, (2) the correlation matrix, (3) the initially derived 
factor matrix, (4) a transformed or rotated factor matrix, and (5) a listing 
of factor scores. 
In the present analysis ten variables, given in Table 5.1, are 
considered to be suitable anthropogenic indices of determinants of 
agricultural productivity in North Bihar Plain. The variables are collapsed 
into each other and are rotated further to form precise and new variates 
for determinants of agricultural productivity of the three major 
agricultural productivity regions of North Bihar Plain and the study region 
as a whole. These calculations have been done in Computer Centre through 
SPSS programme on Alpha system. The factor analysis has been carried 
out in two points of time, i.e., 1981 and 1991. It may be pointed out that 
there is an increase in the number of districts from initial year to the final 
year. Therefore, similar variables of the former year are collapsed into 
10 X 17 matrix and of the latter year into 10 x 20 data matrix. 
In the year 1981, the values often variables have been computed 
for 17 districts resulting in a 10 x 17 data matrix for the study region. 
This data matrix collapsed into each other leads to three factors of 
determinants of agricultural productivity. The analysis indicates that 81.86 
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per cent of the variance is exlained by three factors shown in Table 5.4. 
Factor 1 (F,) accounts for 47.97 per cent of the total variance and is 
strongly loaded on male population (0.91), main workers (0.91), 
cultivators (-0.89), agricultural labourers (0.95) and family size (-0.86). 
The factor scores provide a measure of the relationship between 
each observation and the new factors. These scores analyse the spatial 
pattern. These scores are values for each observation on the new variables, 
and as such they reflect to some extent their relationship with the original 
variables. So in this regard the standard factor scores have been calculated 
for each factor. The standard factor scores of Factor (Fj) have been divided 
into three grades of high, medium and low for its spatial distribution in 
North Bihar Plain. The categorisation of grades has been arranged as — 
high (more than + 3.0), medium (between -3.0 to + 3.0) and low (less 
than -3.0). 
Factor 1 explains 47.97 per cent of the total variance. Table 5.5 
shows that four districts of the study area (West Champaran, Saharsa, 
Pumia and Katihar) come under the high grade of factor scores with a 
value of above +3.0. The region of medium factor scores comprising of 
nine districts of the Plain forms a compact block with the value ranging 
between -3.0 and +3.0. Rest of the districts (Saran, Siwan, Gopalganj and 
Vaishali) come in the domain of low grade of standard factor scores 
(Figure 5.1). 
Factor 2 which explains 18.45 per cent of the total variance is 
composed of two variables of high loadings - male population (-0.88) and 
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TABLE 5.4 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in North Bihar Plain, 1981 
Variables 
^10 
Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
F. 
-0.23900 
0.91074 
0.91546 
0.42402 
-0.89842 
0.95540 
0.16612 
0.32672 
-0.42873 
-0.86543 
47.97 
47.97 
F2 
-0.88035 
0.15801 
-0.09184 
0.34541 
-0.21704 
-0.22532 
0.12605 
0.24909 
0.83032 
0.02566 
18.45 
66.42 
F3 
-0.26269 
0.12846 
0.23065 
-0.04729 
0.02462 
0.01757 
-0.90719 
0.83719 
-0.18905 
0.01973 
15.44 
81.86 
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TABLE 5.5 
Standard Factor Scores of Determinants of Agricultural 
Productivity in North Bihar Plain, 1981 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Name of the Districts 
Saran 
Siwan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
Muzaffarpur 
Vaishali 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Pumia 
Katihar 
Munger 
Bhagalpur 
Factor I 
-7.4391 
-10.9403 
-7.5090 
4.7910 
1.9179 
2.0127 
-0.1925 
-4.4833 
0.5323 
-0.1021 
0.4022 
0.4055 
4.8777 
5.9063 
5.6083 
1.8874 
2.3073 
Factor II 
1.0493 
-1.1216 
-1.8269 
-1.0260 
-2.3456 
-2.5232 
0.6674 
0.3537 
1.9565 
-0.4928 
0.5895 
-1.9987 
-0.3058 
-0.8511 
0.6102 
3.8112 
3.4807 
Factor III 
-0.1755 
-0.1338 
0.0371 
0.4985 
-0.4334 
0.0436 
-1.2796 
-3.0504 
-0.5896 
-2.4459 
-0.9429 
-0.6257 
-0.7809 
2.3942 
4.8653 
0.1671 
2.4541 
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percentage of literate persons (0.83). Remaining variables are less 
significantly loaded. 
As far as its standard factor scores are concerned. Factor 2 is 
divided into three grades of high (more than + 1.0), medium (-1.0 to + 
1.0) and low (less than -1.0). Table 5.5 depicts that the high grade of 
factor scores is concentrated in southern districts of the region 
comprising of four districts. The seven districts of the study area, 
scattered over the region have medium factor scores with a value of 
between -1.0 and +1.0 (Figure 5.2). The districts of Siwan, Gopalganj, 
West Champaran, East Champaran, Sitamarhi and Madhubani - mainly 
located in the western pocket have low grade of factor scores with a value 
of below -1.0. 
Factor 3 which accounts for 15.44 per cent of the total variance 
is comprised of two variables of high loadings found in X^ (scheduled 
castes) and Xg (scheduled tribes) however, the former having the negative 
loading. The other variables are less sigificantly loaded (Table 5.4). 
Table 5.5 depicts the spatial distribution of standard factor scores 
of Factor 3. Only three districts located in the eastern fringe of North 
Bihar Plain, consisting of Purnia, Katihar and Bhagalpur come in the 
domain of high grade with a value of above +2.0 (Fig. 5.3). An extensive 
area comprising of twelve districts spreading over the region have medium 
grade of factor scores with the index value ranging between -2.0 and +2.0. 
However, only two districts (Vaishali and Samastipur) have low grade of 
factor scores with a value of below -2.0. 
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After analysing the standard factor scores for the year 1981, it 
has been realised to deal it with the three major agricultural productivity 
regions, i.e., high, medium and low, on a micro level of North Bihar Plain. 
The rotated factor matrix for each of the three regions records three 
factors but the per cent of cumulative variance explained are dissimilar. 
In high agirultural productivity regions, it is observed that the 
three factors combinedly explain 95.69 per cent of the variance as depicted 
in Table 5.6. Factor 1 which explains 54.83 per cent of the total variance 
is mainly composed of high positive loadings of variables, namely, 
marginal workers (0.98), agricultural labourers (0.68), scheduled castes 
(0.51), while the two variables have negative high loadings. These are 
cultivators (-0.92) and family size (-0.87). Rest of the variables are 
insignificantly loaded. Factor 2 which accounts for 22.26 per cent of the 
total variance is comprised of high positive loadings found in rural 
population (0.95) and scheduled castes (0.82), while scheduled tribes (-
0.72) have negative loading. The third factor explains 18.60 per cent of 
the total variance consisting of four variables of high loadings. The 
negative loadings are found in the variables of male population (-0.87), 
main workers (-0.89) and agricultural labourers (-0.71), however variable 
literacy (X^) is the only variable having high positive loading. 
In medium agricultural productivity regions, the three variates 
explain 90.79 per cent of the total variance as shown in Table 5.7. Factor 1 
(Fj) accounts for 53.65 per cent of the total variance and has a large 
number of variables which record the high loadings. They are Xj rural 
population (0.50), Xj male population (-0.92), X3 main workers (-0.94), 
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TABLE 5.6 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in High Productivity Region, 1981 
Variables 
X9 
^10 
Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
Fi 
-0.21406 
0.42641 
0.42528 
0.98157 
-0.92393 
0.68911 
0.51301 
0.27487 
0.16729 
-0.87241 
54.83 
54.83 
F2 
0.95592 
0.05877 
-0.14302 
-0.06954 
0.13912 
0.05559 
0.82376 
-0.72610 
0.03372 
-0.09198 
22.26 
77.09 
F3 
-0.18565 
-0.87297 
-0.89073 
-0.08056 
0.13824 
-0.71156 
0.04937 
-0.49716 
0.98525 
0.46832 
18.60 
95.69 
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TABLE 5.7 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in Medium Productivity Region, 1981 
Variables 
^10 
Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
Fi 
0.50563 
-0.92196 
-0.94310 
-0.18997 
0.95673 
-0.98681 
-0.21913 
-0.37269 
0.29191 
0.93849 
53.65 
53.65 
F2 
-0.81724 
0.34172 
-0.01329 
0.76834 
-0.10351 
-0.11209 
0.13279 
0.13402 
0.84066 
-0.20824 
20.59 
74.24 
F3 
-0.06534 
-0.02097 
-0.24251 
-0.19457 
-0.07163 
0.02352 
0.91547 
-0.90754 
0.21801 
0.08226 
16.55 
90.79 
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Xj cultivators (0.95), X^ agricultural labourers (-0.98), and XJQ family size 
(0.93). 
Factor 2(F2) explains 20.59 per cent of the total variance. In this 
factor, only two variables have positive loadings, whereas, one variable has 
negative loading. These are marginal workers (0.76), literacy (0.84) and 
rural population (-0.81). The remaining variables are insignificantly 
loaded. The third Factor (F3) accounts for 16.55 per cent of the total 
variance. It has high positive loading on scheduled castes (0.91), whereeas, 
a negative high loading (-0.90) in scheduled tribes has been observed. The 
other variables have insignificant loadings on Factor 3. 
There are three factors which explain 95.23 per cent of the total 
variance recorded under low agricultural productivity regions of North 
Bihar Plain as shown in Table 5.8. Factor 1 (Fj) explains 53.97 per cent of 
the total variance and has lonely variable of high positive loading on 
agricultural labourers (0.87). There are four variables which have high 
negative loadings i.e., cultivators (-0.92), scheduled castes (-0.94), 
literacy (-0.67) and family size (-0.93). The Factor 2 (F2) accounts for 
28.87 per cent of the total variance and is comprised of four variables of 
high positive loadings. They are male populaton (0.70), main workers 
(0.94), marginal workers (0.92) and scheduled tribes (0.98), whereas, one 
variable has high negative high loading on literacy (-0.51). The third Factor 
(F3) explains 12.39 per cent of the total variance, has only one variable of 
high positive loading on rural population. All other variables constitute 
insignificant loadings. 
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TABLE 5.8 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in Low Productivity Region, 1981 
Variables 
^10 
Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
Fi 
0.15773 
0.49073 
0.31577 
-0.04132 
-0.92035 
0.87619 
-0.94040 
-0.16879 
-0.67510 
-0.93964 
53.97 
53.97 
F2 
0.02622 
0.70535 
0.94067 
0.92472 
-0.18083 
0.44226 
0.12149 
0.98274 
-0.51245 
0.12018 
28.87 
82.84 
F3 
0.97507 
0.20636 
0.11963 
-0.10783 
0.34524 
0.18748 
-0.29929 
0.00515 
-0.49283 
-0.24752 
12.39 
95.23 
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The Factor structures for the year 1991 have been computed from 
the ten variables of twenty districts resulting in a 10x20 data matrix of 
North Bihar Plain. This data matrix collapsed into each other leads to three 
factors of determinants of agricultural productivity in the study area. The 
analysis of the variables indicate that 79.95 per cent of the total variance 
is explained by three factors (Table 5.9). Factor 1 (Fj) which explains 
49.61 per cent of the total variance is strongly loaded on half of the 
variables, of which three variables i.e., main workers (0.76), marginal 
workers (0.61) and agricultural labourers (0.65) have high positive 
loadings, while negative loadings include literacy (-0.77) and family size 
(-0.70). 
The standard factor scores of each factors have been computed to 
analyse its spatial distribution in North Bihar plain for the year 1991 
(Table 5.10). 
Figure 5.4 shows the spatial distribution of Factor 1. The high 
grade of factor scores have been found in six districts occupying the 
western half of the study area with a value of above +3.0. An extensive 
area with ten districts comes under the domain of medium factor scores, 
spreading over the region with the index value ranging between +3.0 and -
3.0. However, only four districts comprise for low factor scores, located 
in the south-western pocket of the Plain with the districts of Saran, Siwan, 
Gopalganj and Vaishali having an index value of below -3.0. 
Factor 2(F2) accounts for 18.84 per cent of the total variance and 
is strongly positive loaded in scheduled castes (0.87) and rural population 
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TABLE 5.9 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in North Bihar Plain, 1991 
Variables 
^10 
Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
Fi 
0.35589 
0.37480 
0.76740 
0.61283 
-0.33153 
0.65479 
-0.10582 
0.23774 
-0.77215 
-0.70838 
49.61 
49.61 
F2 
0.61691 
0.18204 
-0.17280 
-0.00898 
0.07747 
-0.07940 
0.87914 
-0.87570 
0.10399 
0.17988 
18.84 
68.45 
F3 
0.60881 
-0.84007 
-0.48389 
-0.09496 
0.89359 
-0.72141 
-0.18644 
-0.15865 
0.16049 
0.54455 
11.50 
79.95 
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TABLE 5.10 
Standard Factor Scores of Determinants of Agricultural 
Productivity in North Bihar Plain, 1991 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Name of the Districts 
Saran 
Siwan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
Muzaffarpur 
Vaishali 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Madhepura 
Puraia 
Katihar 
Khagaria 
Bhagalpur 
Araria 
Kishanganj 
Factor I 
-7.0166 
-7.4596 
-5.3108 
2.9153 
0.9931 
1.4789 
-2.0123 
-3.3234 
-1.9404 
-1.4909 
-0.7047 
1.4624 
3.3503 
3.0463 
3.8996 
3.0876 
2.4664 
-0.0507 
3.4193 
3.1924 
Factor II 
0.3572 
0.9612 
0.8109 
-0.8461 
1.0876 
0.7365 
0.9937 
3.1837 
0.4288 
2.8157 
0.6505 
1.3312 
0.9594 
1.0379 
-2.8953 
-4.7349 
1.2767 
-3.1713 
-0.2489 
-4.7809 
Factor III 
5.4448 
9.3958 
7.0384 
-4.2159 
-0.5647 
-0.9587 
-0.3137 
2.7926 
-1.3949 
1.2949 
-0.7182 
1.6299 
-1.1822 
-2.0687 
-3.8247 
-2.9452 
-2.6257 
-2.4077 
-2.2961 
-2.1078 
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(0.61), whereas, scheduled tribes (-0.87) have negative loading. The rest 
of the variables have been insignificantly loaded. 
The spatial distribution of standard factor scores have been shown 
in Table 5.10. Six districts of the study area have been categorized under 
high grade of factor scores, located in the central part of the Plain. The 
medium grade of factor scores ranging between -1.0 and +1.0 have been 
observed in ten districts, mostly concentrated in western half of the Plain. 
However, only four districts namely, Purnia, Katihar, Bhagalpur and 
Kishanganj forming an arch in the eastern margin come in the domain of 
low grade of standard factor scores (Figure 5.5). 
Factor 3 (F3) explains 11.50 per cent of the total variance, of 
which three variables have positive loadings (rural population, cultivators 
and family size), whereas, male population and agricultural labourers are 
negatively loaded. All other variables record insignificant loadings. 
The standard factor scores of Factor 3 (F3) have been categorised 
into three grades of high (more than +2.0), medium (-2.0 to +2.0) and low 
(less than -2.0). Table 5.10 depicts that the high grade of factor scores 
have been concentrated in south-western pocket comprising of the 
districts of Saran, Siwan, Gopalganj and Vaishali. The medium grade of 
factor scores have been occupied by eight districts of the study area with 
the index value ranging between -2.0 and +2.0. An equal number of 
districts come under the category of low factor scores scattered over the 
region having an index value of below -2.0 (Figure 5.6). 
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After analysing the standard factor scores on a micro level, it is 
realised to discuss the Factor Structures of the three major agricultural 
productivity regions, i.e., high, medium and low of North Bihar Plain in 
1991. The rotated factor matrix for each regions have been computed. In 
high agricultural productivity region, the three variates explain 94.08 per . 
cent of the variance as shown in Table 5.11. Factor 1 (F^) accounts for 
62.50 per cent of the total variance having large number of variables with 
high loadings. Four variables constitute high positive loadings with male 
population (0.55), main workers (0.66), agricultural labourers (0.85) and 
scheduled castes (0.84), while variables of cultivators (-0.91), scheduled 
tribes (-0.51) and family size (-0.97) have negative loadings. Factor 2 (Fj) 
which explains 17.42 per cent of the total variance records high positive 
loadings on main workers (0.70), marginal workers (0.73) and scheduled 
tribes (0.79), while there is one variable of high negative loading i.e., 
literacy (-0.90). Factor 3 (F3) accounts for 12.82 per cent of the total 
variance. It has only one variable of high positive loaidng i.e., rural 
population (0.98). The remaining variables have insignificant loadings. 
There are three factors which explain 85.18 per cent of the total 
variance recorded under medium agricultural productivity regions of North 
Bihar Plain, during the year 1991 (Table 5.12). 
Factor l(Fj) accounts for 44.78 per cent of the total variance 
having high loadings on the following variables : X, rural population 
(0.66), X4 marginal workers (0.72), X5 cultivators (0.96), X^ agricultural 
labourers (-0.65), X^ scheduled castes (0.75), Xg scheduled tribes (-0.78). 
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TABLE 5.11 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in High Productivity Region, 1991 
Variables 
X3 
X4 
X5 
^6 
X7 
Xg 
^10 
Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
Fi 
-0.12177 
0.55441 
0.66108 
0.47609 
-0.91532 
0.85247 
0.84904 
-0.51098 
-0.40643 
-0.97549 
62.50 
62.50 
F2 
-0.04468 
0.36715 
0.70062 
0.73464 
-0.14408 
0.43140 
0.02369 
0.79191 
-0.90122 
-0.17425 
18.75 
81.25 
F3 
0.98037 
-0.31302 
-0.26026 
0.23108 
0.35892 
-0.29319 
0.24484 
-0.17612 
0.07726 
0.01816 
12.82 
94.08 
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TABLE 5.12 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in Medium Productivity Region, 1991 
Variables 
X3 
X4 
X5 
X7 
^10 Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
Fi 
0.66872 
0.01702 
-0.06428 
0.72818 
0.96566 
-0.65985 
0.75971 
-0.78445 
0.17090 
0.38590 
44.78 
44.78 
Fa 
0.02473 
-0.91158 
-0.33096 
0.35250 
0.13681 
-0.61111 
-0.00773 
-0.04866 
0.89639 
-0.36665 
23.39 
68.17 
F3 
-0.26577 
-0.29228 
0.91478 
0.55225 
0.04066 
0.30642 
-0.11370 
0.59047 
-0.30580 
0.74289 
17.00 
85.18 
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Factor 2( Fj) explains 23.39 per cent of the variance with high 
positive loadings on the variable of literacy (0.89), whereas, male 
population (-0.91) and agricultural labourers (-0.61) have high negative 
loadings. Factor 3 (Fj) accounts for 17.00 per cent of the total variance 
and has high positive loadings on main workers (0.91), marginal workers 
(0.55) and scheduled tribes (0.59), while it has only one variable of high 
negative loading i.e., family size (-0.74). 
In low agricultural productivity regions for the year 1991, the 
three variates explain 94.18 per cent of variance as given in Table 5.13. 
Factor 1 (Fj) accounts for 52.43 per cent of the total variance and includes 
five variables of having a value of more than 0.55 of loadings. They are 
main workers (-0.90), cultivators (0.55), agricultural labourers (-0.98), 
literacy (0.92) and family size (0.90). Factor 2 (Fj) which explains 24.89 
per cent of the total variance has three variables of high positive loading 
i.e., rural population (0.92), cultivators (0.54) and scheduled castes 
(0.88). Two variables of this factor have high negative loading i.e., 
marginal workers (-0,50) and scheduled tribes (-0.89). The third factor 
(F3) explains 16.86 per cent of the total variance and includes only two 
variables of high positive loading. They are male population (0.99) and 
marginal workers (0.83). The other variables are insignificantly loaded. 
COMPOSITE INDEX OF ANTHROPOGENIC FACTORS 
In this part all the variables which are considered as the 
indicators of the determinants of agricultural productivity are collectively 
and spatially analysed with the aid of Composite Index to compare 
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TABLE 5.13 
FACTOR STRUCTURE 
Rotated Factor Matrix of Determinants of Agricultural Productivity 
in Low Productivity Region, 1991 
Variables 
^10 
Variance explained 
in per cent 
Cumulative variance 
explained in per cent 
FACTORS LOADINGS 
Fi 
-0.25983 
0.08188 
-0.90049 
-0.21212 
0.55366 
-0.98131 
0.45782 
-0.26997 
0.92366 
0.90616 
52.43 
52.43 
F2 
0.92170 
0.02089 
0.04950 
-0.50151 
0.54773 
-0.11265 
0.88534 
-0.89424 
0.12863 
0.39899 
24.89 
77.32 
F3 
-0.21592 
0.99515 
0.39156 
0.83084 
-0.29634 
0.11464 
0.06521 
0.07580 
0.29088 
0.10884 
16.86 
94.18 
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relatively developed and less developed regions of North Bihar Plain. As 
all variables selected to analyse agricultural productivity in the region do 
not have an equal share, each variable has been assigned a weight which is 
calculated by X/8. 
To obtain composite index in order to assess the regional 
patterns of agricultural productivity, the equation may be algebraically be 
expressed as : 
x;X/5, + X, x7/5, X,,XVS.o 
C.I. = J- ^ 
X/5, + X,/5, X„/6,„ 
where, C.I. = Composite Index 
X,, Xj—XjQ = the number of variables considered. 
X = the mean value of the variables in the entire 
region, 
5 = Standard deviation of each variable. 
The computed composite indices of the variables have a range of 
variation among the districts of North Bihar Plain. The inter-district 
variation are summerized by classifying the districts into three grades 
according to mean and standard deviation. 
Regional Patterns (1981) 
The regional patterns of the levels of anthropogenic factors for 
the year 1981 have been shown in Table 5.14. The region has a composite 
index of 49.36. Figure 5.7 depicts that the high level of anthropogenic 
factors is concentrated in the northern districts of Saharsa (50.54), East 
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TABLE 5.14 
Composite Index of Anthropogenic Factors in North Bihar 
Plain, 1981 
Rank 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Name of the Districts 
Saharsa 
East Champaran 
Madhubani 
Sitamarhi 
Samastipur 
West Champaran 
Pumia 
Gopalganj 
Vaishali 
Muzaffarpur 
Katihar 
Bhagalpur 
Siwan 
Begusarai 
Darbhanga 
Munger 
Saran 
North Bihar Plain 
Composite Index 
50.54 
50.34 
50.13 
50.12 
50.10 
50.00 
49.67 
49.43 
49.39 
49.11 
49.02 
48.80 
48.78 
48.71 
48.67 
48.29 
47.94 
49.36 
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Champaran (50.34), Madhubani (50.13), Sitamarhi (50.12) and West 
Champaran (50.00), while Samastipur (50.10) is located in the southern 
counterpart having an index value of above 49.73. Medium grade of 
anthropogenic factors has been divided into two parts located in contrast 
to each other. The districts of Gopalganj (49.43), Muzaffarpur (49.11) and 
Vaishali (49.39) occupy the western portion, while the districts of Purnia 
(49.67) and Katihar (49.02) are lying in the eastern part of the study area 
have an index value of between 48.98 and 49.73. Six districts come under 
the domain of low level of anthropogenic factors, scattered over the 
region. These districts are Bhagalpur (48.80), Siwan (48.78), Begusarai 
(48.71), Darbhanga (48.67), Munger (48.29) and Saran (47.94). 
Regional Patterns (1991) 
Table 5.15 shows the regional variations in the levels of 
anthropogenic factors in North Bihar Plain for the year 1991. The region 
has a composite index of 55.69. Figure 5.8 illustrates that the central 
portion of the study area comprising of nine districts has the high grade of 
anthropogenic factors with an index value of above 56.07. These districts 
are Madhubani, Khagaria, Madhepura, East Champaran, Saharsa, Sitamarhi, 
Samastipur, Araria and Vaishali. Only three districts - Gopalganj (55.72), 
Purnia (55.70) and West Champaran (55.44) have medium grade of 
anthropogenic factors with the index value ranging between 55.30 and 
56.07. However, the low category of anthropogenic factors comprises 
eight districts namely, Darbhanga, Muzaffarpur, Siwan, Begusarai, Katihar, 
Bhagalpur, Saran and Kishanganj. These districts have an index value of 
below 55.30. 
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TABLE 5.15 
Composite Index of Anthropogenic Factors in North Bihar 
Plain, 1991 
Rank 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Name of the Districts 
Madhubani 
Khagaria 
Madhepura 
East Champaran 
Saharsa 
Sitamarhi 
Samastipur 
Araria 
Vaishali 
Gopalganj 
Pumia 
West Champaran 
Darbhanga 
Muzaffarpur 
Siwan 
Begusarai 
Katihar 
Bhagalpur 
Saran 
Kishanganj 
North Bihar Plain 
Composite Index 
56.75 
56.73 
56.71 
56.52 
56.40 
56.36 
56.28 
56.23 
56.09 
55.72 
55.70 
55.44 
55.23 
55.15 
55.11 
54.95 
54.93 
54.73 
54.50 
54.29 
55.69 
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The districtwise distribution of composite Indices reveal that the 
levels of anthropogenic factors in North Bihar Plain are clearly marked 
and the regional patterns clearly corroborates that the central and western 
parts of the study area are agriculturally more advance. 
RELATIONSHIP BETWEEN ANTHROPOGENIC FACTORS 
AND AGRICULTURAL PRODUCTIVITY IN NORTH BIHAR 
PLAIN 
The relationship between anthropogenic factors and agricultural 
productivity in North Bihar Plain for the year 1980-81 has been shown in 
Table 5.16. It has been observed that the districts of Saharsa, East 
Champaran, Madhubani, Sitamarhi, Samastipur and West Champaran have 
high grade of anthropogenic factors. Out of these, six districts record high 
grade of anthropogenic factors, only tivo districts of East Champaran and 
Samastipur have high grade of agricultural productivity. The district of 
West Champaran has medium level of agricultural productivity, whereas, 
the remaining districts of Saharsa, Madhubani and Sitamarhi having low 
level of agricultural productivity. On the other hand the districts having 
high agricultural productivity are Saran, Gopalganj, East Champaran, 
Samastipur and Purnia. Out of these five districts of high agricultural 
productivity, East Champaran and Samastipur have high level of 
anthropogenic factors. The districts of Gopalganj and Purnia have medium 
level of anthropogenic factors, whereas, Saran has low grade of 
anthropogenic factors. 
As regards the medium grade of anthropogenic factors, there are 
five districts having high level of anthropogenic factors. They are the 
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districts of Purnia, Gopalganj, Vaishali, Muzaffarpur and Katihar. The 
districts of Muzaffarpur and Katihar have the same category (medium) of 
agricultural productivity. However, the two districts (Purnia and 
Gopalganj) have high agricultural productivity and the district of Vaishali 
has low agricultural productivity. In contrast to this, seven districts of the 
study area come under the domain of medium grade of agricultural 
productivity. They are Siwan, West Champaran, Muzaffarpur, Begusarai, 
Katihar, Munger and Bhagalpur. Only one district (West Champaran) has 
high grade of anthropogenic factors, whereas, Muzaffarpur and Katihar 
have medium level of anthropogenic factors. The remaining four districts 
of medium agricultural productivity have low grade of anthropogenic 
factors. 
The districts which have low grade of anthropogenic factors are 
Bhagalpur, Siwan, Begusarai, Darbhanga, Munger and Saran. Out of these 
six districts, Saran has high agricultural productivity; Bhagalpur, Siwan, 
Begusarai and Munger have medium agricultural productivity and 
Darbhanga has low agricultural productivity. On the other hand five 
districts of North Bihar Plain have low agricultural productivity. They are 
Sitamarhi, Vaishali, Darbhanga, Madhubani and Saharsa. Out of these 
districts, Sitamarhi, Madhubani and Saharsa have high grade of 
anthropogenic factors, whereas, Vaishali and Darbhanga have medium and 
low grade of anthropogenic factors respectively. 
Table 5.17 depicts the relationship between anthropogenic factors 
and agricultural productivity for the year 1990-91. It reveals that the 
districts having high grade of anthropogenic factors are Madhubani, 
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Khagaria, Madhepura, East Champaran, Saharsa, Sitamarhi, Samastipur, 
Araria and Vaishali. Out of these nine districts, Khagaria and Samastipur 
have high agricultural productivity; Madhubani, East Champaran, Saharsa 
and Sitamarhi have medium agricultural productivity, whereas, Madhepura, 
Araria and Vaishali have low agricultural productivity. On the other hand 
seven districts of the study area have high agricultural productivity. They 
are Saran, Siwan, Gopalganj, West Champaran, Begusarai, Samastipur and 
Khagaria. Out of these districts, Samastipur and Khagaria have high 
anthropogenic factors; Gopalganj and West Champaran have medium grade 
of anthropogenic factors and Saran, Siwan and Begusarai have low 
anthropogenic factors in North Bihar Plain. 
Only three districts (Gopalganj, Purnia and West Champaran) 
come under the domain of medium grade of anthropogenic factors. Out of 
these three districts, Gopalganj and West Champaran have high agricultural 
productivity, whereas, the district of Purnia records the medium 
agricultural productivity. In contrast to this, seven districts of the study 
area have medium agricultural productivity including East Champaran, 
Sitamarhi, Darbhanga, Madhubani, Saharsa, Purnia and Katihar. Out of these 
districts of medium agricultural productivity. East Champaran, Sitamarhi, 
Madhubani and Saharsa have high grade of anthropogenic factors; the only 
district of Purnia has medium level of anthropogenic factors and the 
districts of Darbhanga and Katihar make their way to low grade of 
anthropogenic factors for the year 1990-91. 
The eight districts of the study area have low grade of 
anthropogenic factors comprising of Darbhanga, Muzaffarpur, Siwan, 
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Begusarai, Katihar, Bhagalpur, Saran and Kishanganj. Out of these eight 
districts, Siwan, Begusarai and Saran have high agricultural productivity; 
Darbhanga and Katihar have medium level of agricultural productivity and 
Muzaffarpur, Bhagalpur and Kishangaj have low grade of agricultural 
productivity. In comparison to this, the districts having low agricultural 
productivity are Muzaffarpur, Vaishali, Madhepura, Bhagalpur, Araria and 
Kishanganj. Out of these six districts, Vaishali, Madhepura and Araria have 
high grade of anthropogenic factors whereas the districts of Muzaffarpur, 
Bhagalpur and Kishanganj have low level of anthropogenic factors for the 
year 1990-91 in North Bihar Plain. 
In order to analyse the relationship between anthropogenic 
factors and agricultural productivity, two scatter diagrams have been 
constructed as shown in Figure 5.9 and Figure 5.10 for the years 1980-81 
and 1990-91 respectively. The X-axis of the scatter diagram represents 
anthropogenic factors and Y-axis agricultural productivity. The vertical and 
horizontal lines demarcating the different levels, viz., high, mediumn and 
low of anthropogenic factors and agricultural productivity are drawn for 
the ease of analysis. 
An examination of Figure 5.9 reveals that out of six districts 
having low level of anthropogenic factors, the district of Darbhanga 
exhibits low level of agricultural productvity. The districts of Munger, 
Bhagalpur, Siwan and Begusarai have medium, while Saran has high grade 
of agricultural productivity lie in the category of low anthropogenic 
factors. There are five districts showing medium level of anthropogenic 
factors. Out of five districts having medium level of anthropogenic 
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NORTH BIHAR PLAIN 
Scatter Diagram: Relationship Between Anthropogenic 
Factors and Agricultural Productivity, 1981. 
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NORTH BIHAR PLAIN 
Scatter Diagram: Relationship Between Anthropogenic 
Factors and Agricultural Productivity, 1991. 
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factors, the district of Vaishali has low level of agricultural productivity. 
The districts of Katihar and Muzaffarpur have medium level of agricultural 
productivity, while the districts of Pumia and Gopalganj having high level 
of agricultural productivity come under the category of medium 
anthropogenic factors. Six districts of the study area have high level of 
anthropogenic factors with different levels of agricultural productivity. 
The districts of Madhubani, Sitamarhi and Saharsa have low agricultural 
productivity. The only district of West Champaran has medium agricultural 
productivity, whereas, Samastipur and East Champaran have high level of 
agricultural productivity as well as high level of anthropogenic factors for 
the year 1980-81. 
Figure 5.10 depicts the relationship between anthropogenic 
factors and agricultural productivity for the year 1990-91. It analyses that 
eight districts of the study area have low level of anthropogenic factors. 
Out of these, three districts (Muzaffarpur, Bhagalpur and Kishanganj) have 
low agricultural productivity. The districts of Darbhanga and Katihar have 
medium agricultural productivity, while Saran, Siwan and Begusarai have 
low grade of agricultural productivity. Only three districts of the study 
area come in the category of medium level of anthropogenic factors. The 
lonely district of Purnia has medium level of agricultural productivity, 
while Gopalganj and West Champaran have high level of agricultural 
productivity. Nine districts of the study area have low level of 
anthropogenic factors, out of which, three districts (Vaishali, Madhepura 
and Araria) have low level of agricultural productivity. The districts of 
Sitamarhi, Saharsa, Madhubani and East Champaran have medium level of 
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agricultural productivity. The two districts of the study area, viz., 
Samastipur and Khagaria have high level of agricultural productivity for 
the year 1990-91. 
In general, it is observed that there is a weak positive correlation 
between anthropogenic factors and agricultural productivity (Figure 5.9 & 
Figure 5.10). To ascertain this relationship product moment correlation is 
worked out. The coefficient of correlation (r) turns up as low as 0.08 and 
0.12 for the years 1980-81 and 1990-91 respectively. This is a quite 
insignificant proportion of spatial variation which is explained by 
agricultural productivity. 
The findings of this analysis have been hypothesized that the 
anthropogenic factors have less impact on agricultural productivity in 
North Bihar Plain. That is, higher levels of anthropogenic factors are not 
associated with the higher levels of agricultural productivitry and vice 
versa. The study of agricultural productivity in North Bihar Plain can not 
be over emphasized with the impact anthropogenic factors because it 
appears to be less significant or weak correlation with agricultural 
productivity. In fact, human dimensions have less impact on agricultural 
productivity rather than other physical and technological factors in the 
study area. 
Literacy is considered to be best indicator for agricultural 
development, but North Bihar Plain does not have a significant literacy 
rate and so it has not been any impact on agricultural productivity in 
particular and social development in general. The inter-caste differential 
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hold agricultural work in great esteem. The major portion of agricultural 
land is still owned by priviledged castes of society who are inexperienced 
cultivator employing landless labourers for worthless wages and pocket 
the major share of produce. The cultivators who are a class of owners of 
their own plots, include the family labour, to the maximum extent, 
enlisting outside help during the peak season. It is observed that the 
cultivators and agricultural labourers have significant correlation with 
agricultural productivity as it contribute more than three fourth of the 
population to the total main workers. On the other hand, the marginal 
workers have less significant correlation with agricultural productivity as 
they are not employed in esteem of agricultural practices throughout the 
year. The size of family is related with spread of education to some extent. 
It has been found that the small size of family has more innovative than the 
large size of family in the study area. 
It is generally observed that the agricultural productivity as a 
measure of efficiency of agricultural system through various links has a 
strong bearing on the overall development. However, in North Bihar Plain 
the anthropogenic factors have a very weak relationship with the 
agricultural productivity. 
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CONCLUSION 
India, a developing country, still lags behind the developed 
countries of the world in the level of agricultural productivity. The Central 
as well as the State Governments in their various five year Plans have been 
allocating huge amount of money for an overall improvement in the sphere 
of agriculture. Such efforts have shown a considerable improvement in the 
yield per acre, resulting in increased total output of agricultural 
commodities. However, there is still sufficient scope for increasing 
productivity per head of agricultural population as well as per hectare of 
land. Efforts are being made to tackle the problem on priority basis and 
the day is not far off when the productivity will be at par with some of the 
most agriculturally developed countries of the world. 
Agricultural productivity is viewed as a measure of efficiency 
with which the agricultural system in the region works. As such, variations 
in agricultural productivity reflect disparities in the region. The researcher 
has studied the pattern of agricultural productivity in detail in the area 
under study and has analysed the social correlates which are likely causes 
of spatial variations in agricultural productivity. Since agriculture is the 
mainstay of the economy of the region, where about 80 percent of the 
population is engaged directly or indirectly in agricultural activities, 
differences in the agricultural productivity may be taken as the differences 
in the economic progress of the region. An analysis of various factors 
responsible for variation in the productivity of the region under study may 
be valuable to give new dimension to the efforts made by the researcher to 
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even up the present differences in the degree of agricultural productivity 
in the various districts of North Bihar Plain. 
North Bihar Plain, which is a part of the Indo-Gangetic Plain is 
the most important agricultural region of Bihar. However, its productivity 
level is very low in comparison to the national level because of lack of 
agricultural technology being used in the region. One of the major factors 
is the poverty of the farming community. They cannot afford to introduce 
and adopt new agricultural technologies. 
The level of agricultural productivity has been worked out by 
measuring the productivity indices during the period of twenty years, i.e., 
1979-80 to 1999-2000. The study reveals that in the year 1979-82, the 
high productivity area is observed mainly in western part, while the 
medium areas are scattered in western and south-eastern fringe, however 
the remaining districts have low productivity region. The district of East 
Champaran has the maximum index value, while the lowest is observed in 
Madhubani. In the year 1984-87, the high productivity areas are 
concentrated in western and central part. The highest index value is found 
in Samastipur, while the lowest is being observed in Katihar. The high 
productivity areas are again concentrated in the western part of North 
Bihar Plain for the year 1989-92. The maximum index value is found in 
Begusarai, while Vaishali has the lowest index value. In the year 1994-97, 
nine districts make the high productivity areas, mainly concentrated in 
western and central part of the study area, while remaining districts come 
in the categoiy of medium and low productivity region. In the year 1999-
2000, an extensive area is covered under high productivity region having 
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almost half of the districts of the study area, is found mainly in central and 
north-western comer. The highest index value is observed in the district of 
Pumia, while Madhepura has the lowest value. The overall analysis reveals 
that the central and western part of the study area have high agricultural 
productivity throughout the study period. However, these areas of high 
productivity are not associated with high level of anthropogenic factors. 
A cardinal feature of the study area's cropping pattern is the 
impressive performance of wheat and rice. Both area expansion and 
increase in productivity have contributed to the high growth rates of wheat 
and rice production. After rice and wheat, the next important crop is maize. 
There has not been any significant improvement in maize output. The area 
devoted to other minor cereals have remained negligible. The pulses have 
demonstrated some improvement. But for this, the fall in pulses outturn 
would have been larger. The area under oilseeds have remained more or 
less steady. The situation is no better in respect of the cash crops. The 
productivity of sugarcane has been lower when compared with those in 
other sugarcane - producing states. There has been observed a steady 
improvement in the production of potatoes and jute. 
The intensive subsistence type of agriculture is being practiced 
in North Bihar Plain in which all the working members get employment in 
the agricultural slack season. The production is relatively higher due to 
alluvial soils deposited by the rivers in their flood plains in monsoon 
season. Therefore, in the rabi season farmers generally get good returns 
inspite of low level of inputs. But their socio-economic status remains 
low due to high density of population, lack of secondary economic 
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activities, veiy low level of per capita production and devastating floods 
nearly in every monsoon season in which millions of people are rendered 
homeless and these flood cause great lo^s of life and property. Twenty 
seven per cent of total damage caused by floods in India is sustained by 
Bihar alone. Average annual loss from floods since 1947 has been 
estimated at Rs 70.5 crore. In some years the loss from them in North 
Bihar Plain alone was of the order of Rs. 250 crore, excluding of costs of 
rehabiliation and repair. 
The present study reveals that agricultural productivity is not only 
the function of physical determinants but at the same time the significance 
of social factors can not be over-ruled, which influence the agricultural 
productivity of a region. The level of education plays a vital role to 
cultivate the mind so that the new ideas once perceived may germinate and 
strike root. A better education leads to the adoption of agricultural 
innovations which in turn increases the agricultural productivity as well as 
economic prosperity. The state of Bihar stands at the lowest step of 
literacy rate in India. So, North Bihar Plain is not far to this grim situation 
where the share of literate persons is found to be 26.30 per cent to the 
total population in 1991. During Laloo Prasad Yadav regime (1990-96) 
then Chief Minister of Bihar, the school was taken to the fields to provide 
basic education to the village lads, while they were grazing their cattle. 
Charwaha Schools were established throughout the state. But the 
hoUowness of such a cra2y notion became exposed in no time and the 
schools became khatals/cattle-sheds for the members of the ruling caste. 
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and all money spent on the project was a sheer waste. The inter-caste 
differential hold agricultural work in great esteem. The major portion of 
agricultural land is still owned by privileged castes/classes of society who 
are not only inexperienced cultivator but very often act as petty neo -
zamindars employing landless labourers for paltry wages and pocket the 
major share of produce. The cultivators who are a class of owners of their 
own plots, include the family labour, to the maximum extent, enlisting 
outside help during the peak season. The cultivators and agricultural 
labourers have significant correlation as it contribute more than three-
fourth of the population to the total main workers. It is observed that the 
marginal workers have less significant correlation with agricultural 
productivity as they are not employed in esteem of agricultural practices 
throughout the year. They contribute a small share of 1.63 per cent and 
1.50 per cent to the total population for the year 1981 and 1991 
respectively in the study area. The size of family is related with spread of 
education to some extent. It is observed that the small size of family is 
more innovative than other in the study area. 
The overall analysis of the study reveals the fact that there is 
weak positive relationship between anthropogenic factors and agricultural 
productivity. The higher levels of anthropogenic factors are not associated 
with the higher levels of agricultural productivity and vice-versa. The study 
of agricultural productivity can not be overemphasized with the impact of 
anthropogenic factors because it appears to be less significant with 
agricultural productivity. 
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SUGGESTIONS 
In the light of conclusion drawn in this section, it can be said that North 
Bihar Plain being an important integral part of Bihar, has not received 
proper attention by the Government with the result that a large number of 
districts remain under medium and low level of productivity regions during 
the study period. Several researchers have worked on this problem but due 
to lack of coordination between them and Government agencies, no 
satisfactory result has yet been found. Further, paucity of funds is among 
the peasantry also responsible for the present low rate of productivity. 
It is, therefore, suggested that the State Agricultural Planners 
should embark on a micro level survey in respect of the causes which have 
led to the present level of low productivity over large parts of the region: 
with a view to keep pace with the increasing population in the region, 
which is already densely populated. 
A large portion of North Bihar Plain lies in the vicinity of the 
Rivers Ghaghara, Gandak and Kosi and very often vast area of the region is 
flooded as a result of which standing crops, human and animal lives are 
destroyed. Adequate steps should be taken to control the floods which have 
become usual features of the region. Excess rain waters should be utilized 
properly by constructing new canals which can provide irrigation water to 
the fields during the lean period of the year. 
Financial assistance in the form of short term or long term on 
nominal interest should also be given to needy farmers, so that he can 
purchase essential items of agriculture. This type of help will boost up the 
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morale of the poor farmers, who can necessarily interest in the farming. 
The agricultural labourers get employment in agricultural peak 
season and they remain jobless during long agricultural slack seasons. 
Therefore, they are forced to outmigrate to other parts of the country. The 
Planners should develop small scale and agro-based industries in the 
countryside as it will provide jobs to redundant agricultural labourers in 
the lean season of agriculture. 
New land reform should be enacted either to restore land to the 
actual tiller or manage the same field through State/Cooperatives to 
improve the conditions of agriculture in the region, so that agricultural 
productivity and the development in true sense may be achieved. 
The agriculture is being pursued on traditional type and there is 
no any scientific basis for rotation of crops. The agricultural Planners 
should launch such policies, so the mass could be educated towards 
innovations and modern farming, which in turn increases the agricultural 
productivity as well as economic prosperity in the region. 
The region has the lowest literacy rate (1991 Census). Due to 
illiteracy and ignorance the farmers spend money on superstitions and 
traditions and do not have the money to invest in agriculture. They also do 
not have access in financial institution to get loans and subsidies. They 
could not inculcate a proper outlook on the development programmes and 
most ostensibly took casual interest in them. The rural people did not 
know the implementation of any policy causing good or harm to them. Still 
in parts of the region and among certain sections of the people, there are 
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farmers with particular attitudes and habits which can not be deemed 
helpful to agricultural progress. Therefore, any Plans of agriculture and 
other development may not bring the required results untill the rural 
population is educated and farmers are trained to develop agriculture and 
to avail the facilities provided by Government to develop agriculture and 
raise their socio-economic status. 
Last, but not the least, the common notion is that the agricultural 
production is not keeping pace with the ever increasing pressure of 
population on land resources. Therefore, nothing could be achieved and 
above mentioned remedial measures will remain ineffective untill the 
exponential growth of population is checked. Progress in agriculture also 
leads to the modernization and social development and better level of 
living through education and generating propensity to consume other than 
agricultural goods. It is hoped that the present study will surely go a long 
way in solving some of the problems regarding the role of human factor in 
relation with the spatio-temporal variation in agricultural productivity in 
the area under study. 
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Local Words 
Aandhi 
Arhar 
Balua 
Banjar 
Bhangar 
Bhat 
Chaur 
Dhankar 
Dhar 
Diara 
Doab 
Domat 
Garma 
Kankar 
Khadar 
Kharif 
Khatal 
Kohra 
Lichi 
Loo 
Matiyar 
Pala 
Rabi 
Reh 
Tal 
Usar 
GLOSSARY 
English Equivalents 
Dust storm 
Pigeonpea 
Sandy soil 
Cultivable waste 
Older alluvium 
A kind of calcareous soil 
Semi-circular and marshy lowland 
Clayey soil 
Deep and wide channel 
Extensive sandy and fertile beds 
The land between two rivers 
Loamy soil 
Season of high temperature and very low 
humidity 
Calcium nodules 
Newer alluvium 
Rainy season crop 
Cattle-shed 
Fog 
Lychee 
Local hot and dusty wind 
Clayey loam soil 
Frost 
Winter season crop 
Salt efflorescence 
Natural depression filled with water during rainy 
season 
Saline-alkali soil 
Appeyyvdloe^ 
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APPENDIX - A 
North Bihar Plain - At a Glance 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Some Facts 
Number of Districts 
Total Population 
a) Male 
b) Female 
Percentage of Male Population 
to the Total Population 
Percentage of Female Population 
to the Total Population 
Rural Population 
Urban Population 
Percentage of Rural Population 
to the Total Population 
Percentage of Urban Population 
to the Total Population 
Density of Population per Square 
Kilometre 
Percentage of Literacy to the 
Total Population 
a) Male 
b) Female 
Number of Females per 
Thousand of Males 
Working Participation 
a) Percentage of Main 
Workers to the Total 
Population, 
b) Percentage of Marginal 
Workers to the Total 
Population, 
c) Percentage of Cultivators 
to the Total Main 
Workers, 
d) Percentage of Agricultural 
Labourers to the Total 
Main Workers. 
1981 
17 
37,397,790 
19,143,928 
18,253,862 
51.19 
48.81 
34, 583, 951 
28, 13, 839 
92.48 
7.52 
576 
22.9S 
17.37 
5.58 
954 
29.32 
1.63 
41.61 
43.31 
1991 
20 
43,333,804 
22,663,579 
20,670,225 
52.30 
47.70 
40, 061, 061 
32, 72, 743 
92.45 
7.55 
741 
26.30 
19.29 
_ J . 0 1 
912 
29.28 
1.50 
41.45 
45.02 
2001 
22 
54,171,569 
28,128,449 
26,043,120 
51.92 
48.08 
50, 193, 321 
39, 78, 248 
92.66 
7.34 
931 
34.57 
23.17 
11.40 
926 
N.A. 
N.A. 
N.A. 
N.A. 
Source : Census of India, 1981, 1991 & 2001, New Delhi. 
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APPENDIX-B 
Indices of Agricultural Productivity - Based on Yang's Method, 1979 - 82. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Name of the 
Districts 
Saran 
Si wan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
Muzaffarpur 
Vaishali 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Purnia 
Katihar 
Munger 
Bhagalpur 
Cereals 
99.20 
102.48 
101.69 
120.52 
116.14 
99.68 
88.84 
79.05 
96.07 
123.48 
82.86 
81.35 
85.18 
94.42 
90.24 
99.08 
93.84 
Pulses 
116.18 
123.94 
100.86 
117.14 
199.05 
67.03 
91.18 
87.60 
97.01 
120.56 
80.86 
50.04 
86.23 
175.40 
94.42 
81.62 
99.28 
Cash 
crops 
145.97 
100.30 
156.02 
86.86 
102.86 
102.17 
111.85 
103.41 
105.28 
150.83 
105.10 
107.82 
109.87 
106.17 
116.42 
107.08 
105.32 
Oilseeds 
93.28 
88.26 
114.57 
87.27 
82.27 
67.23 
110.49 
71.17 
128.43 
123.69 
82.48 
80.99 
68.39 
76.83 
79.47 
93.28 
87.31 
Composite 
Index 
113.66 
103.74 
118.28 
102.95 
125.08 
84.03 
100.59 
85.31 
106.70 
118.39 
87.82 
80.05 
87.42 
113.20 
95.14 
95.41 
96.44 
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APPENDIX-C 
Indices of Agricultural Productivity - Based on Yang's Method, 1984-87 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Name of the 
Districts 
Saran 
Si wan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
MuzafFarpur 
Vaishali 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Purnia 
Katihar 
Munger 
Bhagalpur 
Cereals 
100.53 
99.92 
94.98 
108.01 
105.18 
99.13 
96.24 
92.27 
83.04 
107.59 
81.91 
87.50 
88.37 
78.26 
84.39 
118.16 
104.18 
Pulses 
121.25 
138.38 
94.97 
113.27 
118.69 
93.83 
101.80 
51.84 
97.13 
119.14 
90.66 
74.45 
81.28 
107.29 
77.77 
107.48 
91.62 
Cash 
crops 
79.77 
93.44 
109.16 
104.97 
144.75 
102.86 
89.42 
121.69 
141.17 
152.50 
86.88 
129.58 
88.50 
90.20 
77.65 
83.00 
61.61 
Oilseeds 
98.32 
106.20 
102.86 
104.86 
128.39 
84.47 
92.33 
78.23 
128.70 
124.96 
94.37 
118.78 
84.47 
91.81 
84.46 
93.87 
91.26 
Composite 
Index 
99.97 
109.48 
100.49 
107.78 
124.25 
95.07 
94.95 
86.01 
112.51 
126.05 
88.45 
102.58 
85.65 
91.89 
81.07 
100.63 
87.17 
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APPENDIX-D 
Indices of Agricultural Productivity - Based on Yang's Method, 1989-92 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Name of the 
Districts 
Saran 
Siwan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
Muzaffarpur 
Vai shall 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Madhepura 
Purnia 
Katihar 
Khagaria 
Bhagalpur 
Araria 
Kishanganj 
Cereals 
115.20 
113.79 
128.10 
128.65 
105.31 
85.80 
81.61 
88.00 
121.84 
105.56 
93.56 
90.31 
90.81 
97.06 
89.29 
97.67 
100.72 
95.43 
80.66 
81.44 
Pulses 
125.87 
125.86 
103.39 
131.90 
110.68 
91.53 
96.97 
51.42 
128.88 
123.78 
93.74 
84.81 
81.47 
75.87 
87.70 
160.67 
139.56 
70.52 
78.49 
84.68 
Cash 
crops 
107.99 
115.41 
142.08 
130.75 
113.07 
109.36 
78.36 
103.64 
136.07 
110.50 
116.40 
113.51 
102.70 
75.33 
109.74 
100.63 
58.42 
71.99 
109.26 
110.34 
Oilseeds 
94.37 
99.82 
90.20 
75.50 
100.87 
77.94 
77.90 
87.22 
131.84 
123.53 
122.64 
101.06 
92.98 
83.31 
87.09 
79.26 
170.12 
109.05 
88.39 
79.86 
Composite 
Index 
110.86 
113.72 
115.94 
116.70 
107.48 
91.15 
83.71 
82.57 
129.65 
115.84 
106.58 
97.42 
91.99 
82.89 
93.45 
109.55 
117.20 
86.75 
89.20 
89.08 
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APPENDIX-E 
Indices of Agricultural Productivity - Based on Yang's Method, 1994-97 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Name of the 
Districts 
Saran 
Siwan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
MuzafFarpur 
Vai shall 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Madhepura 
Purnia 
Katihar 
Khagaria 
Bhagalpur 
Araria 
Kishanganj 
Cereals 
115.46 
110.64 
125.66 
131.04 
165.45 
90.25 
108.97 
86.22 
73.79 
105.03 
83.97 
77.72 
85.72 
129.96 
94.61 
106.53 
94.26 
99.40 
87.14 
86.82 
Pulses 
93.41 
135.67 
105.88 
99.27 
131.89 
93.45 
111.11 
120.76 
102.39 
105.08 
122.34 
102.83 
80.24 
69.57 
89.65 
97.34 
117.22 
110.56 
93.61 
82.94 
Cash 
crops 
82.49 
121.80 
122.48 
131.21 
92.89 
114.43 
100.93 
78.04 
122.47 
128.90 
104.80 
137.38 
83.61 
89.43 
128.17 
91.43 
122.23 
143.80 
90.55 
99.27 
Oilseeds 
100.90 
102.48 
96.34 
76.93 
102.64 
85.76 
146.50 
95.90 
154.87 
167.33 
100.17 
106.33 
84.37 
92.18 
81.01 
88.40 
108.29 
117.71 
77.80 
98.49 
Composite 
Index 
98.06 
117.65 
112.59 
109.61 
123.22, 
95.97 
116.88 
95.23 
113.38 
126.58 
102.82 
106.06 
83.48 
95.28 
98.36 
95.93 
110.50 
117.87 
87.27 
91.88 
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APPENDIX-F 
Indices of Agricultural Productivity-Based on Yang's Method, 1999-2000. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Name of the 
Districts 
Saran 
Siwan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
Muzaffarpur 
Vaishali 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Madhepura 
Purnia 
Katihar 
Khagaria 
Bhagalpur 
Araria 
Kishanganj 
Cereals 
104.69 
106.05 
108.31 
125.58 
109.46 
80.66 
88.64 
92.21 
63.40 
83.92 
69.62 
89.06 
95.14 
83.85 
177.50 
118.70 
65.00 
76.17 
76.92 
76.52 
Pulses 
129.53 
116.66 
90.60 
101.20 
106.44 
63.01 
101.37 
113.21 
92.60 
111.10 
71.40 
90.43 
61.71 
65.98 
90.48 
44.01 
94.95 
142.40 
177.55 
51.37 
Cash 
crops 
69.31 
98.24 
100.35 
121.80 
107.10 
90.52 
123.92 
64.36 
112.05 
110.34 
98.35 
105.01 
80.45 
77.18 
134.15 
110.60 
98.39 
97.76 
55.78 
96.39 
Oilseeds 
97.23 
98.47 
118.39 
96.32 
98.87 
86.91 
124.01 
96.59 
130.21 
132.29 
99.16 
115.28 
72.19 
70.23 
84.97 
96.21 
141.27 
114.24 
98.16 
75.77 
Composite 
Index 
100.19 
104.85 
104.41 
111.22 
105.47 
80.27 
109.48 
91.59 
99.81 
109.41 
84.63 
99.94 
77.37 
74.31 
121.77 
92.38 
99.90 
107.64 
102.10 
75.01 
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APPENDIX - G 
Agricultural Productivity and Anthropogenic Factors 
(COMPOSITE INDEX, 1981-81) 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Name of the 
Districts 
Saran 
Siwan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
Muzaffarpur 
Vaishali 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Purnia 
Katihar 
Munger 
Bhagalpur 
North Bihar Plain 
Agricultural 
Productivity 
113.66 
103.74 
118.28 
102.95 
125^8 
u£r 
100.59 
85.31 
106.70 
118.39 
87.82 
80.05 
87.42 
113.20 
95.14 
95.41 
96.44 
100.84 
Anthropogenic Factors 
47.94 
48.78 
49.43 
50.00 _ ^ 
50.34 / - " ^ 
"'" 5 0 . 1 2 / / 
49.11 
49.39 
48.71 
50.10 
48.67 
50.13 
50.54 
49.67 
49.02 
48.29 
48.80 
49.36 
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APPENDIX-H 
Agricultural Productivity and Anthropogenic Factors 
(COMPOSITE INDEX, 1990-91) 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Name of the 
Districts 
Saran 
Siwan 
Gopalganj 
West Champaran 
East Champaran 
Sitamarhi 
MuzafFarpur 
Vaishali 
Begusarai 
Samastipur 
Darbhanga 
Madhubani 
Saharsa 
Madhepura 
Purnia 
Katihar 
Khagaria 
Bhagalpur 
Araria 
Kishanganj 
North Bihar Plain 
Agricultural 
Productivity 
110.86 
113.72 
115.94 
116.70 
107.48 
91.15 
83.71 
82.57 
129.65 
115.84 
106.58 
97.42 
91.99 
82.89 
93.45 
109.55 
117.20 
86.75 
89.20 
89.08 
101.59 
Anthropogenic Factors 
54.50 
55.11 
55.72 
55.44 
56.52 
56.36 
55.15 
56.09 
54.95 
56.28 
55.23 
56.75 
56.40 
56.71 
55.70 
54.93 
56.73 
54.73 
56.23 
54.29 
55,69 
